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ABSTRACT 
Fine roots account for a large proportion of net primary production and influence many 
ecosystem processes. Uncertainties with fine root turnover rates limit our understanding of 
elemental cycling and reduce the accuracy of ecosystem models. Therefore, incorporation of 
improved root decay estimates into compartment-flow models has great potential for enhancing 
our knowledge ofbelowground processes. Currently most root decomposition studies use 
litterbags. However, litterbag preparation requires separating roots from soil and rhizosphere 
communities, alters natural root size-class composition, and necessitates washing and drying 
roots prior to their decay. For these reasons, I hypothesized that litterbag use underestimates fine 
root decay rates and alters nutrient release patterns. Furthermore, the relationship between season 
of death and fine root decay is poorly understood and limits our understanding of the seasonal 
dynamics of nutrient availability. As mass loss is generally controlled by microbial activity, I 
hypothesized that both fine root decay and nitrogen release are greatest under warm, moist 
seasonal conditions. 
To test my hypotheses I developed a new technique, the intact-core method, which 
requires no a priori root processing, and attempts to mimic natural decay conditions by 
incorporating only senesced roots, and by maintaining natural soil and rhizosphere associations . 
Annual decay rates of naturally senesced fine roots of Acer saccharinum L., Zea mays L., and 
Triticum aestivum L., were measured using both litterbags and intact cores at a common site to 
determine methodological differences. Intact cores were also inserted and removed seasonally to 
determine intra-annual differences in decay and nitrogen release. 
Annual decay rates (k values) for maple, com, and wheat fine roots, were -0.443, -0.869, 
-1.238 yr-1 in intact cores and -0.156, -0.646, -0.946 yr-1 in litterbags respectively. Following one 
year, intact core roots lost 10-21 % more mass, and nitrogen release was two to seven times 
greater than from litterbag roots. Fine root decay and nitrogen loss rates varied seasonally, with 
VI 
summer, spring, and fall rates three, two, and two times greater respectively, than those occurring 
during winter. Seasonal differences in decay and nitrogen release appeared driven by differences 
in soil temperature, presumably via its control over microbial activity. 
GENERAL INTRODUCTION 
Introduction 
Fine root growth accounts for a large proportion of net primary production, and thus 
serves as a major source of energy and nutrients to the soil community (Raich and Nadelhoffer 
1989; Kucera 1992; Fahey and Hughes 1994; Jackson et al. 1997). Because soil carbon and 
nutrient availability are inherently coupled with fine root production, mortality, and decay, 
seasonal and spatial differences in fine root demography are capable of influencing many 
ecosystem processes. Specifically, fine root dynamics influence microbial metabolism, soil 
moisture status, ecosystem nutrient cycling (McClaugherty et al. 1982; Fahey et al. 1988; 
Seastedt 1988; Finer et al. 1997), and soil organic matter formation (McClaugherty et al. 1982; 
Dormaar and Willms 1993; Christian and Wilson 1999). Unfortunately, accurate measurement of 
root processes is difficult, as fine root demography is highly variable (Cheng et al. 1990; 
Hendrick and Pregitzer 1992; Fahey and Hughes 1994) changing among species, climates, plant 
physiological and life history strategies, rooting depths (Usman et al. 1999), soil nutrient statuses 
(Eissenstat and Caldwell 1988; Roy and Singh 1995), soil moisture levels (Hays and Seastedt 
1987), and soil CO2 concentrations (Pregitzer et al. 1995). 
To date, difficulties with and inconsistencies among fine root turnover estimates limit our 
understanding of elemental cycling and reduce the accuracy of ecosystem models. hnproving 
measurements of fine root decomposition has great potential for enhancing belowground 
production estimates (Joslin and Henderson 1987; Santantonio and Grace 1987; Andren et al. 
1992; Ruark 1993; White and Howes 1994). 
This thesis is based on the results of two experiments conducted to improve our overall 
understanding of fine root decomposition. The first experiment quantitatively assessed 
differences in the annual decay rates of three contrasting species, obtained using two different 
decay methodologies. The second experiment examined seasonal differences in the decay rates of 
2 
freshly senesced fine roots. Currently, most root decomposition studies use litterbags, whose 
preparation requires the separation of roots from the soil and rhizosphere community, alters 
natural root size-class composition, involves washing and drying roots, and often incorporates 
live root material. If litterbag use adequately measures fine root decay, then annual rates of decay 
and nutrient release will be identical both within litterbags and under in situ conditions. 
Alternatively, I suggest that litterbag use introduces unnatural conditions resulting in the 
underestimation of fine root decay rates and the alteration of natural nutrient release patterns 
during fine root decomposition. To test my hypotheses I developed a new method, the intact-core 
technique, which requires no a priori root processing, incorporates only naturally killed roots, 
maintains natural rhizosphere associations, and closely mimics in situ decay conditions. The 
decay rates of senesced fine roots from Acer saccharinum L., Zea mays L. and Triticum aestivum 
L. were then measured using both litterbags and intact cores at a common site, allowing for the 
direct comparison of results obtained via the two methods. 
The second experiment assessed the influence of seasonality on fine root decomposition 
by utilizing the intact-core approach with the same three species over four time periods, spring, 
summer, fall, and winter. My null hypothesis stated that there would be no seasonal differences in 
fine root decay rates or nitrogen release. My alternative hypothesis stated that fine root decay and 
nutrient release would increase under warm, moist seasonal conditions. 
Thesis Organization 
This thesis is organized into four chapters: 1) General introduction; 2) Do litterbags 
accurately measure fine root decay?; 3) Seasonal influence on fine root decay: an intact core 
approach.; and 4) General conclusions. The general introduction provides basic background 
information and justification for the work completed. Do litterbags accurately measure fine root 
decay is a paper to be submitted to the journal Ecology. It consists of a direct comparison of two 
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methods used for measuring fine root decay, the traditionally used litterbag approach and the new 
intact core approach. The third chapter is a paper that examines and discusses seasonal 
differences in fine root decay rates and nutrient release. General conclusions overviews the main 
findings and implications obtained from this thesis. 
Literature Review 
Information concerning the production and decomposition of fine roots is scarce in 
comparison to that available for aboveground processes. Spatial and temporal patterns of fine root 
growth are highly heterogeneous and complicate our ability to acquire non-static measurements 
of fine roots. Furthermore, the inherent difficulties and time commitment associated with 
separating fine roots from the soil limit the amount of research focused on belowground 
dynamics. For these and other reasons, inter-ecosystem comparisons are often based solely on 
aboveground properties, thereby biasing comparisons. 
Summarizing and comparing published studies on fine roots is difficult for several 
reasons. First, the definition of fine roots varies between species and from author to author. 
Published definitions of fine root diameters generally fall under 2-mm, but this is not universal. 
Fine root diameter delineations span from <0.5-mm to ::;10.0-mm (Table 1). Furthermore, 
subsequent divisions within the defined fine root diameter also varies, potentially adding to inter-
study variability (Table 1). Much of the variability observed in fine root definition results from 
species-specific characteristics and the subjective nature of dividing the natural continuum of root 
diameter classes into distinct units. Differences in fine root diameter classes result in differences 
in surface area-volume ratios, tissue qualities (Berg 1984; McClaugherty et al. 1984), and 
turnover rates (Joslin and Henderson 1987). Thus inter-study variability in the definition of fine 
roots adds to differences in reported fine root dynamics. 
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Tablel: Published values of fine root diameter classes. Each column represents a fine root 
sub-class category used to further separate fine root diameter classes. 
Root Diameter (mm) 
Author <0.5 <1.0 1.0-2.0 <2.0 2.0-3.0 <3 0.5-3.0 2.0-3.0 3.0-5.0 <5.0 5.0-10.0 
Mcclaugherty et al. 1982 
Mcclaugherty et al. 1984 
Virginia 
Wisconsin 
Joslin and Henderson 1987 
Santantonio and Grace 1987 
Ruark 1993 
Silver and Vogt 1993 
Fahey and Hughes 1994 
Pregitzer et al. 1995 
Gijsman et al. 1997 
Fine'r et al. 1997 
Ostertag and Hobbie 1999 
Tufekcioglu et al. 1999 
Gholz et al. 2000 
X X 
X X 
X 
X X X X 
X 
X X 
X 
X 
X 
X 
X X X X 
X 
X 
X 
Second, temporal and spatial variation in fine root biomass makes the quantification of 
fine root dynamics problematic (Singh et al. 1984; Santantonio and Grace 1987; Nadelhoffer and 
Raich 1992; Publicover and Vogt 1993; Makkonen and Helmisaari 1999). Fine roots grow 
preferentially into favorable microsites, therefore the spatial distribution of fine root biomass is 
highly heterogeneous and spatial sampling results in high inter-sample variability (Eissenstadt 
and Caldwell 1988). Furthermore, fine root biomass (Finer et al. 1997) and growth rate (Usman et 
al. 1999) vary by depth, suggesting that differences in sampling depth are capable of altering 
ecosystem level estimates of fine root processes. Temporally, fine root production and mortality 
often occur simultaneously (Hendrick and Pregitzer 1992; Fahey and Hughes 1994). The rate of 
fine root turnover also varies according to soil nutrient status (Eissenstat and Caldwell 1988; Roy 
and Singh 1995), soil moisture (Hays and Seastedt 1987), and soil CO2 concentration (Pregitzer et 
al. 1995). Thus, the dynamics of fine root growth, death, and decay often proceed simultaneously 
in a manner that is extremely variable both spatially and temporally. Because of this, fine root 
dynamics are difficult to measure, and measurements are difficult to interpret. 
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Figure 1 suggests a simplified model of fine root processes occurring simultaneously 
within the soil. Static estimates of fine roots, for example estimates obtained via root coring, 
produce values for both the live and dead fine root pools at the time of sampling. However, 
because fine root production and mortality occur simultaneously, sequential coring through time 
often results in no to very small changes in these pools and renders interpretation of flows 
impossible (Tufekcioglu et al. 1999). For example, from Figure 1 it is clear that if fine root 
production (BNPP), mortality, and decay all occurred at relatively similar rates we could not 
calculate fine root production based on temporal differences in live and dead fine root pools, 
because annual production would be estimated as zero. This model shows why static measures of 
fine roots are not adequate for estimating fine root processes. This point has been repeatedly 
shown in both field data and through modeling (Singh et al. 1984; Santantonio and Grace 1987; 
BNPP LIVE 
Mortality 
SOM 
Decay _ 
---~ 
DEAD 
Figure 1: Simplified model of fine root processes occurring within the soil. BNPP is belowground 
net primary production; LNE is the pool of live fine roots within the soil; DEAD is the pool of 
dead fine roots within the soil; SOM is the soil organic matter pool. Squares represent pools; 
arrows represent fluxes. 
Nadelhoffer and Raich 1992; Publicover and Vogt 1993). If however, we use a combination of 
root biomass and root decay measurements to determine the turnover rate of the dead root pool, 
we can then derive live root mortality. This approach provides the basis for the compartment flow 
model of Santantonio and Grace (1987) and provides the foundation for this thesis; to estimate 
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fine root dynamics, we only need to isolate and accurately measure fine root decay in 
combination with the more easily measured fine root pools. 
Currently, many methods are used to access fine root production, mortality and 
decomposition. They include the application of in-growth cores (Fahey and Hughes 1994; Finer 
et al. 1997; Usman et al. 1999), sequential cores (McClaugherty et al. 1982), N budget analysis 
(Nadelhoffer and Raich 1992), compartment flow methodology (Joslin and Henderson 1987; 
Santantonio and Grace 1987), minirhizotrons (Cheng et al. 1990; Rytter and Rytter 1998), trench 
plots (McClaugherty et al. 1984; Silver and Vogt 1993), isotopic labeling (White and Howes 
1994; Swinnen et al. 1995) and litterbags (McClaugherty et al. 1982; Berg 1984; McClaugherty et 
al. 1984; Fahey et al. 1988; Seastedt 1988; Andren et al. 1992; Bloomfield et al. 1993; Dormaar 
and Willms 1993; White and Howes 1994; Ostertag and Hobbie 1999). Fine root production is 
highly variable, both spatially and temporally, so accurate measurements of fine root production 
are extremely difficult to obtain. Furthermore, observational approaches to fine root production 
(i.e. minirhizotrons) yield results that are difficult to quantify on a mass/area and time basis. 
However, a focus on fine root decay rates allows for the isolation of one flux only, as new root 
growth is easily excluded and dead roots can only decay. Thus, a focus on fine root decay will 
allow for the maximization of the accuracy of one key flux that can then be used to improve the 
overall accuracy of fine root production estimates. 
The litterbag technique is the most commonly applied method to assess fine root decay. 
However, the appropriateness of litterbag use with fine roots has been questioned, and its 
accuracy has not been verified for use with root substrates (McClaugherty et al. 1982; 
McClaugherty et al. 1984; Ruark 1993; Fahey and Arthur 1994; Fahey and Hughes 1994). 
Specifically, published fine root decay rates measured via litterbags appear too low to account for 
the observed mass loss and fine root turnover rates reported from minirhizotron and other in situ 
approaches (Mcclaugherty et al. 1982; McClaugherty et al. 1984; Gholz et al. 1986; Hendrick 
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and Pregitzer 1992; Ruark 1993; Fahey and Arthur 1994). Standard litterbag preparation requires 
the separation of roots from the soil and rhizosphere community, involves washing and drying 
roots, often incorporates live root material, and fails to reproduce the natural fine root size-class 
composition found in the soil. These factors represent departures from natural fine root 
senescence and in situ decay, and are each capable of depressing fine root decay rates. 
Furthermore, negative affects on the natural decomposition process that result from litterbag use 
have been shown. St. John (1980) showed that litterbags use significantly altered fungal 
colonization and decreased mass loss of field-incubated birchwood sticks. McClaugherty et al. 
(1982) showed that annual mass loss from fine roots differed between roots incubated in 0.4-mm 
or 3.0-mm mesh bags. Furthermore, House and Stinner (1987) showed that decreasing litterbag 
mesh size negatively influenced microarthropod diversity and biomass, and decreased the number 
of microarthropod trophic levels present. Thus, litterbag use introduces changes that have direct 
consequences for three main controlling factors in decomposition; organisms, surface area-
volume ratio, and tissue quality of the substrate. I hypothesized that in combination these 
alterations decrease fine root decay rates, and alter nitrogen release rates during fine root 
decomposition. 
Many factors control decomposition including temperature, moisture, substrate tissue 
quality, surface area-volume ratios, fragmentation, comminution, and decomposer community 
composition (Waring and Schlesinger 1985). Although the effects of many of these factors are 
well understood for aboveground litter, few studies have looked into their effects on fine root 
decomposition. Gholz et al. (2000) showed that, globally, fine root decomposition was best 
predicted by mean annual temperature (MAT), while aboveground litter mass loss was best 
explained by actual evapotranspiration (ABT). Their results suggest two main points. First, that 
overall similar physiological rules, such as influence of temperature, govern decomposition both 
above and belowground. Secondly, that the soil matrix may alter traditionally accepted decay 
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predictors such as AET, by mediating the effects of moisture fluctuations on decay. Furthermore, 
many other standard predictors for above ground decay have likewise fared poorly when used for 
predicting belowground mass loss (McClaugherty et al. 1982; McClaugherty et al. 1984; 
Bloomfield et al. 1993). Since fine root production, mortality and decay occur under highly 
variable temporal conditions, the timing of nutrient release from decaying fine roots is strongly 
dependent upon the timing of root death and the seasonal conditions under which decay occurs. 
To adequately understand how natural climatic, stochastic, or plant physiological strategies, 
which control fine root demography, affect ecosystem nutrient availability we must improve our 
understanding of how seasonality affects fine root decay rates. 
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DO LITTERBAGS ACCURATELY MEASURE FINE ROOT DECAY? 
A paper to be submitted to the journal Ecology 
Mathew E. Dombush, T .M. Isenhart and J. W. Raich 
Abstract 
Slow fine root turnover rates reported from litterbag studies contrast with higher rates 
reported by minirhizotrons. This discrepancy has raised concerns over the appropriateness of 
litterbag use for estimating fine root decay, and has hindered our understanding of fine roots' 
role in ecosystem processes. Litterbag preparation requires the unnatural washing and drying of 
roots, separates roots from soil and rhizosphere communities, and potentially alters the natural 
root size-class composition and nutrient content of fine roots. For these reasons, we hypothesized 
that litterbag use causes underestimations in fine root decay rates, and potentially alters natural 
nutrient release patterns during decomposition. To test our hypotheses we developed a new 
technique, the intact-core method, which requires no a priori root processing, maintains natural 
rhizosphere associations, and retains in situ decay conditions. Using both litterbags and intact 
cores at a common site, we measured the annual decay rates and nitrogen release patterns of 
naturally senesced fine roots from Acer saccharinum L., Zea mays L., and Triticum aestivum L.. 
Decay constants (k values) for maple, com, and wheat were -0.443, -0.869, -1.238 yr-' in intact 
cores and-0.156, -0.646, -0.946 yr-' in litterbags respectively. Annual fine root mass loss was 10 
to 21 % less in litterbags than in intact cores, while nitrogen release was two to seven times 
greater within intact cores. Our results provide support for high rates of fine root turnover and 
nitrogen release, and draws to question the use of litterbags for fine root decay studies. 
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Introduction 
Fine root growth accounts for a large proportion of net primary production (Raich and 
Nadelhoffer 1989; Kucera 1992; Fahey and Hughes 1994; Jackson et al. 1997). Because soil 
carbon and nutrient availability are inherently coupled with fine root production, mortality, and 
decay, fine root demography strongly influences many ecosystem processes. Specifically, fine 
root dynamics influence microbial metabolism, nutrient cycling (McClaugherty et al. 1982; 
Fahey et al. 1988; Seastedt 1988; Finer et al. 1997), and soil organic matter formation 
(McClaugherty et al. 1982; Dormaar and Willms 1993; Christian and Wilson 1999). The 
important role of fine root dynamics in ecosystem processes emphasizes the need for their 
accurate measurement and inclusion in ecosystem models. 
Temporal and spatial variation in fine root biomass makes the quantification of fine root 
dynamics problematic (Singh et al. 1984; Santantonio and Grace 1987; Nadelhoffer and Raich 
1992; Publicover and Vogt 1993; Makkonen and Helmisaari 1999). Fine roots grow 
preferentially into favorable microsites (Eissenstadt and Caldwell 1988), therefore the spatial 
distribution of fine root biomass is highly heterogeneous and spatial sampling results in high 
inter-sample variability. Furthermore, fine root biomass (Finer et al. 1997) and growth rate 
(Usman et al. 1999) vary by depth, suggesting that differences in sampling depth are capable of 
altering ecosystem level estimates of fine root processes. Temporally, fine root production and 
mortality occur simultaneously (Hendrick and Pregitzer 1992; Fahey and Hughes 1994). The rate 
of fine root turnover also varies according to soil nutrient status (Eissenstat and Caldwell 1988; 
Roy and Singh 1995), soil moisture (Hays and Seastedt 1987), soil CO2 concentration (Pregitzer 
et al. 1995), successional stage (Finer et al. 1997), and in response to other abiotic stresses 
(Silver and Vogt 1993). Thus, the dynamics of fine root growth, death, and decay often proceed 
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simultaneously in a manner that is extremely variable both spatially and temporally. Because of 
this, fine root dynamics are difficult to measure, and measurements are difficult to interpret. 
Fine root production is hard to isolate, as roots often grow and die simultaneously 
(Hendrick and Pregitzer 1992; Fahey and Hughes 1994), thus confounding production estimates 
with decay losses. Furthermore, observational approaches to fine root production (i.e. 
minirhizotrons) yield results that are difficult to quantify on a mass/area and time basis. 
Compartment-flow models (Santantonio and Grace 1987) provide a means of estimating fine root 
dynamics by the incorporation of live and dead fine root pools, and inclusion of an accurately 
measured fine root decay flux. Focusing on fine root decay allows for the isolation and accurate 
measurement of one flux only, as new root growth is easily excluded and dead roots can only 
decay. For this reason, improving fine root decay estimates holds the greatest potential for 
improving our understanding ofbelowground production and nutrient cycling (Joslin and 
Henderson 1987; Santantonio and Grace 1987; Andren et al. 1992; Ruark 1993; White and 
Howes 1994). 
Currently, the litterbag technique is the most commonly applied method for measuring 
fine root decay. However, the appropriateness of litterbag use with fine roots has been 
questioned, and its accuracy has not been verified for use with root substrates (McClaugherty et 
al. 1982; McClaugherty et al. 1984; Fahey et al. 1988; Ruark 1993; Fahey and Hughes 1994). 
Specifically, fine root decay rates measured via litterbags appear too low to account for observed 
mass loss and fine root turnover rates obtained using minirhizotrons and other in situ approaches 
(McClaugherty et al. 1982; McClaugherty et al. 1984; Gholz et al. 1986; Hendrick and Pregitzer 
1992; Ruark 1993; Fahey and Arthur 1994). Standard litterbag preparation typically involves the 
separation ofroots from the soil and rhizosphere community, alters natural root size-class 
composition, involves washing and drying roots, and often incorporates live root material. We 
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believe that in combination, these alterations represent a major departure from the natural in situ 
conditions of fine root decomposition and result in an unnatural delay in decomposer root 
colonization, a decrease in fine root decay rates, and alterations to nitrogen release patterns. 
To test this hypothesis we developed a new, intact-core methodology that requires no a 
priori root processing, maintains natural rhizosphere associations, and closely mimics in situ 
decay conditions. This study compared measured decay rates and nitrogen release dynamics of 
three species, in both litterbags and intact cores, to quantitatively determine the appropriateness 
oflitterbag use for the measurement of fine root decay. 
Methods 
Background 
The intact-core method is designed to maintain the relationship between newly senesced 
roots and the rhizosphere community during the decomposition process by retaining roots within 
an undisturbed soil core. There is no a priori root processing, natural root size class 
compositions are maintained, and only senesced fine roots are included. Therefore, fine roots 
decompose under more natural conditions than allowed for with litterbags. 
Unfortunately, minimization of rhizosphere disturbances by the intact-core methodology 
results in some negative drawbacks from an experimental standpoint. First, use of the intact-core 
method is extremely time consuming when compared to the litterbag method, because it requires 
the laborious process of sorting fine roots from the soil. Second, fine root biomass within intact 
cores is variable, because the natural spatial distribution of fine root biomass is highly 
heterogeneous. For this reason, large sample sizes are required and statistically significant 
differences are harder to detect (Figure 1 ). Third, mass loss from intact cores is measured 
differently than from litterbags. Since root core processing is a destructive sampling technique, 
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the initial mass of individual intact cores is unknown. Therefore, mass loss from intact cores is 
based on changes in sample means, rather than on changes in individual samples. In contrast, 
every litterbag has both an initial mass and a final mass, allowing mass loss to be measured from 
each sample. 
Procedure 
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Figure 1: Mean fine root mass (g/root core) with upper and 
lower 95% confidence intervals for com. Solid line represents 
the mean mass; broken lines correpond to confidence intervals. 
Fifteen-cm deep by five-cm wide soil cores containing the senesced fine roots of silver maple 
(Acer saccharinum L.), winter wheat (Triticum aestivum L.), and com (Zea mays L.) were 
collected with a steel soil corer into open-ended clear plastic sleeves in 1999. Silver maples trees 
growing in a dense monoculture were girdled prior to bud break in early spring. A return trip was 
made in May, roughly one month after tree girdling and following leaf-out, for intact core 
collection. Winter wheat was collected immediately following, while com samples were 
collected just prior to, agricultural harvest in July and August respectively (Table 1). Thus, root 
cores contained the senesced fine roots of only a single species. Tree girdling and core collection 
times were chosen to maximize the proportion of naturally senesced fine roots within each core. 
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Cores were sampled non-randomly at uniform distances from plants to minimize core-to-core 
variability of fine root biomass. During core collection, additional roots were harvested with a 
shovel to provide identical root substrates for the litterbag experiment and for tissue quality 
analyses. Following field collection, all samples were temporarily stored in a walk-in cooler (6.7° 
C) until their reinsertion into a grass meadow in Story Co., Iowa USA (42° 11' N, 93° 30' W). 
Table 1: Sequence of root substrate harvest, initial intact core and litterbag 
reinsertion into the grass meadow, and final removal for all species. 
Root Initial Final 
Treatment Harvest Reinsertion Removal 
Acer saccharinum L. 
Intact Core 05/05/1999 06/07/1999 06/07/2000 
Litterbag 05/05/1999 06/07/1999 06/07/2000 
Zea mays L. 
Intact Core 09/24/1999 11/05/1999 11/06/2000 
Litterbag 09/24/1999 11/05/1999 11/06/2000 
Triticum aestivum L. 
Intact Core 07/07/1999 08/17/1999 08/16/2000 
Litterbag 07/07/1999 08/17/1999 08/16/2000 
In preparation for field reinsertion, both ends of intact cores were fitted with 160-
micrometer polyethylene mesh caps. To allow for comparison of decay rates between techniques, 
the same 160-micrometer polyethylene mesh screens were also used in the construction of 6-cm 
by 10-cm litterbags. Litterbags roots were gently washed from the soil, air-dried, and sorted into 
fine(~ 1-mm) and coarse (>1-mm but::,:; 2-mm) fine root components. Litterbags were stuffed 
with approximately 0.4 g of each size class, with the exception of wheat roots that lacked a 
coarse component. Following stuffing, bags were folded over and stapled shut. 
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Capped cores were soaked to field capacity, reinserted in their original orientation 5-cm 
below the soil surface, and covered with soil. Prepared litterbags were also soaked in water and 
inserted at an angle of 45-degrees and centered at a depth of 12.5-cm, the equivalent of the 
middle depth of the reinserted cores. Litterbags were inserted at a 45-degree angle to prevent 
gradual collection of litterbag residues at the bottom of the bags. The timing of sample 
reinsertion was dependent upon the initial harvest date, with core and litterbag reinsertion of 
silver maple, winter wheat, and com occurring in June, August, and November of 1999 
respectively (Table 1 ). Fifteen intact cores containing the senesced fine roots of each species 
were systematically removed, in June, August, November, and March, up to one year's time from 
initial reinsertion. In total 75 intact cores/species were returned to the lab for processing. 
Litterbag insertion and removal was synchronized with the intact core schedule, with five 
litterbags/species removed per collection time, except for the two-month removal time that was 
omitted. In total 20 litterbags/species were systematically removed during the experiment. 
For the duration of the experiment soil temperature at the meadow was monitored using 
thermocouples, with temperature readings taken at 30-min intervals both inside (n=6) and outside 
(n=l0) of soil cores. Soil moisture was determined gravimetrically every two weeks for the 
duration of the experiment. Soil moisture fluctuations within intact cores were monitored 
gravimetrically by insertion and periodic removal of intact cores initially filled to field capacity 
(n=21). Litterbag residue moisture was not determined during this study. 
Following field incubation all cores and litterbags were returned to the walk-in cooler 
and stored until sorting. Prior to processing all cores were soaked overnight to loosen adhering 
soil particles and to reduce root fragmentation. Cores were then gently washed through a series 
of sieves ranging in mesh size from 4.0-mm to 0.5-mm. All of the material caught in the screens 
was rinsed into plastic tubs where organic debris and roots were hand separated. Any tiny root 
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pieces not caught on the 0.5-mm screen were considered particulate soil organic matter. Root 
diameters were measured and sorted into three fractions: "Fragment" - very small, broken, or 
fragmented roots:::;; 1-mm in diameter that passed through all but the 0.5-mm sieve; "Fine" - root 
sections :::;; 1-mm in diameter; and "Coarse" - roots with diameters > 1-mm but ::5: 2-mm. 
Litterbags were processed and analyzed following the same procedure described above. Identical 
handling of samples from all treatments allowed for the direct comparison of litterbag and intact 
core decay rates and nutrient dynamics. 
Chemical Analysis 
A sub-sample of initial roots from each species was collected at the time of initial 
species harvest and used to establish conversion ratios between 65°C oven dry weight (48 hrs) 
and 500°C ash-free dry weight (4 hrs). All values reported in this paper refer to ash-free, 65°C 
oven-dry weight. The Van Soest forage fiber technique (Goering and Van Soest 1970) was used 
to determine initial tissue quality for each species. Following 65°C drying all samples were 
ground to pass through a 70-guage mesh screen. Tissue C and N contents were determined using 
a Carlo Erba NA 1500. 
Data Analysis 
All decay data were fit to both linear and exponential decay models (Wider and Lang 
1982). Determination of best fitting models, for each species and treatment, were based on a 
comparison of adjusted r2 values. Final model selection was based on the overall performance of 
the model for all species and treatments. Decay constants (annual k values) were compared using 
Welch's t-tests to determine significant differences between methodologies. Welch's t-tests were 
used to account for the unequal variance observed in mass loss through time (Ott 1993). Tissue 
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quality differences among species were determined using one-way analysis of variance 
(ANOV A). Differences in initial tissue quality variables within species, but between decay 
methodologies or size classes, were compared using paired t-tests. Percent original nitrogen 
remaining was fit to both linear and exponential decay models. Slopes describing N loss were 
compared by t-tests between decay methodologies for each species. 
Results 
Temperature and Moisture 
There was no significant difference between measured temperature inside and outside of 
soil cores so all values were combined (Figure 2). Gravimetric soil moisture never fell below 
15% and generally ranged from 20 to 30% (Figure 2). Soil moisture levels inside intact cores 
were slightly higher than in the reinsertion field soil, however soil moisture changes inside cores 
did mimic soil fluctuations (Figure 2). Moisture of litterbag residue was not determined during 
this study. However, small litterbag mesh size, as was used in this study, has been shown to 
increase moisture retention by decaying substrates (House and Stinner 1987). 
Model Selection 
Measured mass loss from intact cores and maple roots within litterbags were best fit by a 
simple exponential decay model (Table 2). In contrast, mass loss from com and soybean roots 
within litterbags were best fit by simple linear models (Table 2). Published litterbag results vary, 
with some results fit by linear models (Ostertag and Hobbie1999) and others by exponential 
decay models (McClaugherty et al. 1984). Percent original nitrogen remaining was fit slightly 
better by a linear model for both methods, with the exception of silver maple roots, which was 
better fit by an exponential decay model (Table 2). 
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Figure 2: a. Soil temperature (0C) at 15-cm; and b. Gravimetric soil moisture from 5 to 20-cm 
deep in the cool-grass reinsertion field Story Co., Iowa, USA (42° 11' N, 93° 30' W) from June 
1999 to November 2000. Solid circles in graph b. represent field soil moisture; open circles 
represent soil moisture within intact cores. Omission of connecting line indicates lack of 
sampling while soil was frozen. 
Tissue Quality 
Initial tissue chemistry differed significantly among species and between decay 
methodologies for all measured variables, with the exception of% initial Nin intact cores 
(ANOV A; Table 3). Excluding wheat, initial tissue quality also varied significantly within 
species between litterbag and intact core fine root substrates. This occured for all variables 
except% initial lignin for com only and initial cellulose:hemi-cellulose for both com and silver 
maple (paired t-tests; P<0.05; Table 3). Furthermore, winter wheat tissue quality variables that 
included carbon or nitrogen concentrations were also significantly different between litterbags 
and intact cores (paired t-tests; P<0.05; Table 3). 
At a smaller scale,% initial component class composition (fragment, fine, and coarse 
fine roots) also differed significantly (t-test; P<0.05) between litterbags and intact cores for each 
species, with the exception of maple's fine root component (Table 4). Furthermore, with the 
exception of wheat % N, component classes also differed significantly in their initial % C and % 
N (ANOVA; P<0.05; Table 5). Our experimental design did not allow for the statistical 
Table 2:Decay (k) values and fits for litterbag and intact core mass loss and nitrogen release using both linear and 
exponential decay models. (NS) indicates the presence of a non-significant slope (P>0.05). 
Linear Decay Model Exponential Decay Model Linear Decay Model Exponential Decav Model 
k Mass Remaining k Mass Remaining k Original N Remaining k Original N Remaining 
Treatment (yr-') (% yr-') Adj . r2 (yr-') (% yr-1) Adj.? (yr-') (% yr-1) Adj . r~ (yr-') (% yr-1) 
Acer saccharinum L. 
Intact Core (g) -0.324 67.58 0.28 -0.443 64.18 0.29 -0.332 63.73 0.41 -0.511 59.99 
Litterbag (g) -0.131 85.88 0.60 -0.156 85 .56 0.62 -0.078 (NS) 91.88 0.09 -0.073 (NS) 92.96 
Zea mays L. 
Intact Core (g) -0.585 41.46 0.48 -0.869 41.96 0.48 -0.686 51.68 0.71 -0.694 49.98 
Litterbag (g) -0.514 48.92 0.69 -0.646 52.41 0.65 -0.248 76.88 0.37 -0.256 77.45 
Triticum aestivum L. 
Intact Core (g) -0.717 28.31 0.53 -1.238 29.00 0.54 -0.694 36.82 0.85 -1.059 34.70 
Litterbag (g) -0.639 34.30 0.80 -0.946 39.81 0.77 -0.501 51.81 0.68 -0.621 53.77 
Adj.? 
0.45 
0.09 
0.68 
0.34 
0.83 
0.65 
N 
N 
Table 3: Initial tissue quality and mean temperature during decay for each species and treatment. Annual decay rates 
are included for each species and method for general comparisons. Non-significant (paired t -test; P >0.05) differences 
between litterbags and intact core substrates are indicated by (NS/M), non-significant (one-wayANOVA; P>0.05) 
differences between species are indicated by (NS/S). Temperature differences were not tested for significance. 
Mean Cell Cell Wall Cellulose : 
k Temperature Solubles Constituents Hemi-cellulose Cellulose Hemi-cellulose Lignin N Lignin : N C C : N 
Treatment (yf') ('C) (%) (%) (%) (%) (%) (%) (%) N 
Acer saccharinum L. VJ 
Intact Core (g) -0.443 11.2 41.09 58.91 8.07 17.18 2.14 (NS/M) 29.41 1.50 (NS/S) 19.56 43.02 28.62 
Litterbag (g) -0.156 11.8 40.08 59.92 9.38 20.06 2.15 (NS/M) 27.22 1.15 23 .69 49.71 43.27 
Zea mays L. 
Intact Core (g) -0.869 11.1 27.38 72.62 30.02 31.67 1.05 (NS/M) 6.38 (NS/M) 1.62 (NS/S) 3.94 33 .21 20.50 
Litterbag (g) -0.646 11.8 25.64 74.36 30.99 33.21 1.07 (NS/M) 6.61 (NS/M) 1.03 6.40 45 .71 44.26 
Triticwn aestivum L. 
Intact Core (g) -1.238 10.8 22.85 (NS/M) 77.15 (NS/M) 34.92 (NS/M) 27.57 (NS/M) 0.79 (NS/M) 6.85 (NS/M) 1.65 (NS/S) 4.14 30.93 18.71 
Litterbag {g) -0.946 11.4 22.85 (NS/M) 77.15 (NS/M) 34.92 (NS/M) 27.57 (NS/M) 0.79 (NS/M) 6.85 (NS/M) 1.14 6.02 46.33 40.71 
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analysis of explanatory variables describing k. This resulted from the small number of species 
included in this experiment and the highly significant correlations between tissue quality 
measures (Table 6). However, Table 3 and Table 6 suggest some possible controlling factors for 
fine root decay. The initial cellulose:hemi-cellulose, % initial lignin, and the initial 
lignin:nitrogen differed substantially between maple and the other two species. 
Table 4: Initial composition of each class of fine roots in 
litterbags and intact cores. Fragment roots are small, broken fine 
roots(~ 1-mm) that pass through all but the finest sieve during 
processing; fine roots include all roots 1-mm; coarse roots 
include all fine roots > 1-mm but 2-mm. Non-significant (t-
test; P>0.05) differences are indicated by (NS). 
Treatment 
Acer saccharinum L. 
Intact Core (g) 
Litterbag (g) 
Zea maysL. 
Intact Core (g) 
Litterbag (g) 
Triticum aestivum L. 
Intact Core (g) 
Litterbag (g) 
Comparison of Decay Rates 
% Composition 
Fragment Fine Coarse 
35.77 44.53 (NS) 19.70 
48.26 (NS) 51.74 
21.77 65.07 13.16 
54.15 
48.44 51.56 
45.85 
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Wheat and corn roots decomposed at greater rates than silver maple roots in both 
methods (Figure 3). Decay rates (k) for all species were greater (Welch's t-test, 1-sided; 
trnap1e=3.304, P=0.0007; twheai=l.437, P=0.077; tcom=l.451, P=0.076) within intact cores than those 
observed using litterbags (Figure 3). Differences in annual mass loss between litterbags and 
intact cores were not equal for all species (maple roots 21 % and wheat and corn roots I 0% 
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each), suggesting the presence of a species by decay methodology interaction (Table 2). The 
observed variance of mass loss differed between litterbags and intact cores. Litterbag mass loss 
residuals increased through time, while intact core residuals remained constant or slightly 
decreased with time (Figure 4). This effect was more severe in the faster decaying winter wheat 
and com roots, than in the slower decaying silver maple fine roots. 
Table 5: Fine root component class % initial N and C for each species. Non-significant 
(ANOVA; P>0.05) differences are indicated by (NS). 
Root Component 
Class 
%N 
Fragment (g) 
Fine (g) 
Coarse (g) 
%C 
Fragment (g) 
Fine (g) 
Coarse (g) 
Nitrogen Dynamics 
Acer saccharinum L. 
1.65 
1.57 
1.11 
38.01 
43.95 
48.82 
Zea mays L. 
1.83 
1.64 
1.27 
29.17 
31.52 
44.69 
Triticum aestivum L. 
1.66 (NS) 
1.64 (NS) 
28.03 
35.52 
Nitrogen release was significantly lower from litterbags than from intact cores for all 
species (t-test, 2-sided; lmaple=2.45, P<0.05; lwheat=2.36, P<0.05; lcom=2.76, P<0.02; Figure 5). 
Following one year,% original nitrogen remaining in intact cores was 33% lower in silver maple, 
27.5% lower in com, and 19% lower in winter wheat (Figure 5). As seen with mass loss, species 
specific differences in nitrogen release between decay methodologies suggest the presence of 
species by methodology interactions. Furthermore, differences in nitrogen release were 
Table 6: Correlation coefficients (r) describing annual mass loss and tissue quality measures for combined data set containing 
litterbags and intact cores. Only values significant at P<0.05 are shown. 
Cellulose: 
Mass Loss Cell Solubles Hemi-cellulose Cellulose Lignin Nitrogen Carbon Hemi-cellulose 
(% yr-1) (%) (%) (%) (%) (%) (%) 
Cell Solubles(%) -0.884 
Hemi-cellulose (%) 0.889 -0.998 
Cellulose(%) -0.849 0.866 N °' 
Lignin (%) -0.844 0.975 -0.984 -0.937 
Nitrogen(%) 
Carbon(%) -0.883 
Cellulose:Hemi-cellulose -0.911 0.996 -0.998 -0.842 0.977 
Lignin:Nitrogen -0.930 0.950 -0.963 -0.879 0.971 0.966 
C:N -0.988 0.943 
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magnified by differences in initial% nitrogen and initial% carbon for litterbags and intact core 
tissues (Table 3). Initial% nitrogen was significantly lower and% initial carbon was 
significantly higher (paired t-test; P<0.05) for all species in litterbags than in intact cores (Table 
3). Differences in initial nutrient content created drastically higher initial C:N in litterbags than 
in intact cores (Table 3) and resulted in major differences in measured nitrogen release between 
the two methods (Figure 5). On a per-gram basis, initial tissue chemistry differences resulted in 
intact core root nitrogen release that was 7-times greater for silver maple, 3.5-times greater for 
com, and 2-times greater for winter wheat, than would have been estimated from litterbag results. 
Discussion 
Decay 
The fine roots of silver maple, com and winter wheat all decayed significantly faster 
within intact cores than in litterbags (Figure 3). Following one year,% fine root mass remaining 
was 21.4%, 10.5%, and 10.8% lower in intact cores than in litterbags for silver maple, com, and 
winter wheat respectively (Table 2). Both the litterbag and intact core mass loss estimates from 
this study agree with other published results, and appear to bridge the disparity between 
estimates made via litterbag and in situ techniques respectively. Since much work has been done 
on sugar maple dominated deciduous forests, we will use our silver maple results for comparison. 
Observational approaches such as minirhizotrons (Hendrick and Pregitzer 1992) or changes in 
fine root growth through inserted screens (Fahey and Hughes 1994) have estimated fine root 
mass loss at around 50% yr-1, while litterbag studies show losses ranging from 12 to 16% 
annually (McClaugherty et al. 1984). Thus, use of observational and litterbag methods for 
estimating fine root decay in temperate deciduous forests differ by roughly 36%. Our study found 
that maple fine roots within intact cores lost 21.4% more mass annually than roots within 
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Figure 3: Litter bag and intact root core fine root % mass remaining through 
time. a. silver maple; b. com; c. winter wheat. Solid circles represent intact 
cores; open circles represent litterbags. k values are based on exponential 
decay models, solid lines correspond to intact cores, broken lines correspond 
to litterbags. 
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Figure 4: Mass loss variability through time in com. a. com litterbags; b. com intact cores. 
litterbags, a result close to the difference between published estimates derived via in situ and 
litterbag techniques. 
Although our results do suggest higher rates of fine root turnover than those obtained via 
litterbags, they still appear lower than those from other in situ based methods, such as 
minirhizotrons. If this difference is real, and not simply a result of inter-study variability, then 
either minirhizotron estimations are too high, or the intact-core method still underestimates fine 
root turnover. Underestimation by the intact-core method may be caused by live root exclusion, 
and thus decreased microbial stimulation resulting from the loss of a priming effect by live root 
exudation and death. Furthermore, underestimation of root turnover may have resulted from the 
dilution of the decay of roots< 0.5-mm in diameter by inclusion of larger diameter roots (i.e. up 
to 2-mm). An effect that must be considered, as roots <0.5-mm have been shown to account for 
the largest proportion of fine root turnover (Hendrick and Pregitzer 1993; Rytter and Rytter 
1998). Since the accuracy of minirhizotrons is also unclear, these differences can not be resolved 
with currently available information. 
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Decay trajectories also differed between litterbag and intact core fine roots (Figure 3). 
Litterbag decay was best fit by a linear decay model, while intact core mass loss was best fit by 
an exponential decay model (Table 2). Lack of a two-month litterbag removal period may have 
decreased the exponential model's fit, by omitting any initial, rapid loss of soluble and labile 
compounds that might have occurred. However, identical model fits were also found in a similar 
study comparing litterbag decay rates to in situ decay rates of potted loblolly pine seedlings 
(Ruark 1993). Differences in observed decay trajectories between litterbags and in situ methods 
provide evidence of the altered nature of decomposition within litter bags. Furthermore, these 
differences suggest that simple corrections of litterbag data would be difficult, as observed 
differences in mass loss nutrient release between the two methods is strongly dependent upon the 
duration of incubation up to the time of sampling and the tissue quality of the substrates decaying 
(Figure 3). 
We suggest that observed differences between litter bag and intact core fine root decay 
and decay trajectory result from two main alterations that occur during litterbag preparation. 
First, litterbag preparation results in the destruction of the intimate relationship between fine 
roots and the rhizosphere community. Second, litterbags fail to reproduce the natural fine root 
size-class composition found within the soil. These changes have direct consequences for three 
main controlling factors in decomposition: organism involvement, surface area-volume ratio, and 
tissue quality of the substrate. 
Temporal trends in the variability of fine root mass loss differed between litter bags and 
intact cores (Figure 4). Mass loss variability increased through time in litterbags, while intact 
core mass loss variability remained relatively constant (Figure 4). In order to understand the 
variability observed in decay rates we must consider factors affecting the microbial community 
such as species composition, colonization, preemption, direct competition, and the present state 
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of and past history of abiotic and biotic factors (Boddy 1986). Destruction of the root-
rhizosphere community during litterbag preparation eliminates the pre-existing suite of microbes 
and soil organisms present under in situ conditions. Consequently, slower initial decay and 
increased variability associated with litterbags may result from the random nature ofroot tissue 
recolonization by soil organisms and the increased time needed for reestablishment of the 
microbial and microarthropod community (McClaugherty et al 1984; Ruark 1993). Furthermore, 
litterbag use is already known to negatively influence organism involvement during 
decomposition. St. John (1980) showed that both the use of and mesh size oflitterbags 
significantly altered fungal colonization and mass loss of field incubated birchwood sticks. 
House and Stinner (1987) showed that decreasing litterbag mesh size negatively influenced 
microarthropod diversity, biomass, and number of microarthropod trophic levels present. In 
contrast, mass loss variance observed with the intact core method, which required no a priori 
processing and thereby better maintained natural rhizosphere conditions, remained constant or 
decreased through time. Thus, based on past studies and the findings from this study, we believe 
that litterbag use decreases fine root decay and increases observed mass loss variability by 
altering decomposer community structure and by increasing the dependence of litterbag residue 
on decomposer colonization at the initiation of decomposition. 
The second major consequence of litterbag preparation was a general decrease in the 
tissue quality of the decomposing substrate (Table 3). This change resulted from two 
main sources, the unavoidable exclusion of very small and very fine roots during litterbag 
preparation, and a failure to mimic the natural fine root size-class composition found in the soil 
within litterbags. The size and fragile nature of the very small roots (fragment roots -broken, 
fragmented, or tiny roots 1-mm) prevented their inclusion during litterbag stuffing (personal 
observation). For example, intact core winter wheat, silver maple and com root masses initially 
- - - - - - - -
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consisted of 54%, 36% and 22% fragment roots (Table 4). In contrast, at the initiation of this 
study litterbags did not include this component (Table 4). This size class bias was also further 
compounded with compositional differences amongst the larger root diameters. With the 
exception of silver maple % fine roots in litterbags and intact cores, litterbags and intact cores 
differed significantly (t-test; P<0.05) in their initial% composition of fine (0-1-mm) and coarse 
(> 1 but :s:; 2-mm) fine roots (Table 4). Our study considered fine roots to consist of all roots :s:; 2-
mm in diameter. Although the definition of fine roots varies from study and species to species, 
our size class choice was equal to, or smaller than, diameters commonly used in many fine root 
studies (Bloomfield et al. 1993; Ruark 1993; Silver and Vogt 1993; Finer et al. 1997; Ostertag 
and Hobbie 1999; Gohlz et al. 2000). Thus, had our study not subdivided our fine root 
component this bias would not have been detected. For this reason we feel confident that this 
error is introduced in all litterbag studies using fine roots, and results in initial differences in 
substrate surface area-volume ratios between litterbags and in situ fine roots. 
Shifts in initial component class composition resulted not only in alterations in the initial 
surface area-volume ratios, but also in dramatic alterations in the initial tissue quality of the 
substrates. Excluding winter wheat, which did not contain a coarse root component, litterbags 
and intact cores differed significantly (paired t-tests; P<0.05) in initial tissue quality within 
species for all measured variables except% initial lignin for com and initial cellulose:hemi-
cellulose for both com and silver maple (Table 3). Within species, except for wheat% N, the 
component classes (fragment, fine, and coarse fine roots) all significantly differed in their carbon 
and nitrogen compositions (ANOVA; P<0.05; Table 5). Thus, alterations in component class 
proportions confounded with component class differences in tissue quality variables resulted in 
drastic alterations in initial% C, % N and C:N between litterbags and intact cores (Table 3). 
Therefore, by inadvertently failing to reproduce the natural composition of the fine root 
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components, at a scale of:::; 2-mm, we altered the initial tissue quality and surface area-volume 
ratios of fine roots within litterbags and intact cores, and essentially measured decay in two 
differing substrates per species; a poorer quality litterbag substrate verses an unaltered, richer in 
situ substrate. We believe that this is a second source of error in fine root litterbag studies. We 
are not aware of any studies that have vigorously attempted to mimic the natural root size-class 
composition found in the soil within litterbags, and feel that accomplishment of this goal is 
difficult or impossible to achieve taken the small, fragile nature of the smallest root components. 
Nitrogen Release 
In this study, litterbag preparation altered the initial fine root component class 
composition, and in doing so altered the initial C:N of the substrates contained within litterbags. 
Litterbag preparation elevated C:N to almost twice the C:N found within intact cores (Figure 6). 
Initial C:N were 28.62 vs. 43.27, 18.71 vs. 44.26, and 20.50 vs. 40.71 for silver maple, com, and 
winter wheat intact cores and litterbags respectively. Because C:N are proxies for the relative 
decomposability and mineralization potential of substrates, the increased C:N seen within 
litterbags suggests that litterbag preparation drastically lowers potential decay rates and nutrient 
release from litterbag substrates (Waring and Scheslinger 1985). Furthermore, our results showed 
that initial differences in C:N between litterbags and intact cores resulted in long term effects 
that altered the relationship between carbon and nitrogen release in the two methods. For 
example, litterbag C:N decreased through time, with the exception of maple's that remained 
constant (Figure 6). In contrast all C:N were constant through time in the intact cores (Figure 6). 
These differences suggest that litterbag roots lost a greater proportion of carbon relative to 
nitrogen through time, while intact core roots lost carbon and nitrogen at equivalent rates during 
decay. 
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Figure 6: Carbon to nitrogen ratios through time for a. litterbags and b. intact cores. Solid 
circles are silver maple; open circles are winter wheat; and solid triangles are corn. 
Litterbag use has previously been shown to alter nitrogen release patterns (House and 
Stinner 1987). Specifically, decreasing litterbag mesh size correlated with increased nitrogen 
content of remaining residue tissues (House and Stinner 1987). In this study litterbag mesh size 
was small (0.16-mm), and fine root substrates within held onto a large proportion of their initial 
nitrogen following one year, 93% in silver maple, 78% in corn, and 54% in winter wheat. In 
contrast,% original nitrogen remaining in intact core substrates closely paralleled total mass 
loss, 60% in silver maple, 50% in corn and 35% in winter wheat. Similar relationships between 
mass loss and nutrient release have been found in a trench plot experiment (Silver and Vogt 
1993) and a in a clear-cut experiment (Fahey and Arthur 1994). Thus, combining greater nitrogen 
release from intact core tissues with their greater initial nitrogen concentrations resulted in 
nitrogen release estimates 7, 3.5, and 2-times greater from intact core roots (on a per-gram basis) 
than nitrogen release estimated from litterbag roots for silver maple, corn, and winter wheat 
respectively. These results suggest dramatically different potentials for nitrogen release, and 
subsequently for plant nitrogen availability, from decaying fine roots than has previously been 
suggested by litterbag studies. 
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The results of this work provide support for higher fine root turnover estimates than 
those suggested by litterbag data. However, results still fall below rates reported by 
minirhizotrons, suggesting the need for further investigation into cause of this discrepancy. 
Furthermore, our results suggest fine root nitrogen release rates much greater than previously 
believed, emphasizing the importance of fine root contributions to ecosystem functioning. It is 
apparent from this work that fine root methodologies must be designed considering not only root 
substrates, but also the role of the soil and the complex rhizosphere community with which fine 
roots grow and die. 
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SEASONAL INFLUENCE ON FINE ROOT DECAY: AN INTACT CORE 
APPROACH. 
A paper to be submitted 
Mathew E. Dombush, T.M. Isenhart and J.W. Raich 
Abstract 
Globally, fine roots account for a large proportion of net primary production and strongly 
influence many important ecosystem processes. Fine root demography is highly variable, 
introducing dead fine roots to the soil decomposer community under all seasons. Thus, to 
adequately understand ecosystem carbon and nutrient availability we must understand how 
seasonal differences affect fine root decay. This study used the intact-core method to measure the 
decomposition of naturally senesced fine roots of three species, Acer saccharinum L., Zea mays 
L., and Triticum aestivum L., over 2 to 4 month periods, encompassing spring, summer, fall, and 
winter, to determine seasonal differences in fine root decay and nitrogen release. Rates of fine 
root decay and nitrogen loss varied seasonally, and showed similar responses to different seasons. 
Rates of loss were roughly three-times greater during summer, and two-times greater during 
spring and fall, than winter rates of fine root decay and nitrogen loss. Seasonal differences closely 
paralleled seasonal differences in soil respiration, and appeared to be driven by differences in 
mean soil temperature. Our results suggest that in temperate ecosystems, differences in seasonal, 
short-term mass loss result from temperature driven differences in microbial activity. 
Introduction 
Fine root growth accounts for a large proportion of net primary production (Raich and 
Nadelhoffer 1989; Kucera 1992; Fahey and Hughes 1994; Jackson et al. 1997). Because soil 
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carbon and nutrient availability is inherently coupled with fine root production, mortality, and 
decay, seasonal differences in fine root demography strongly influence many ecosystem 
processes. Specifically, fine root dynamics strongly influence microbial activity, nutrient cycling 
(McClaugherty et al. 1982; Fahey et al. 1988; Seastedt 1988; Finer et al. 1997), and soil organic 
matter formation (McClaugherty et al. 1982; Dormaar and Willms 1993; Christian and Wilson 
1999). The importance of fine roots in ecosystem functioning emphasizes the need for their 
accurate measurement and inclusion in ecosystem models. By improving fine root decay 
estimates and incorporating them into pool-flux based models, we can substantially improve our 
understanding of elemental cycling and belowground production (Joslin and Henderson 1987; 
Santantonio and Grace 1987; Andren et al. 1992; Ruark 1993; White and Howes 1994). 
Many factors control decomposition including temperature, moisture, substrate tissue 
quality, root surface area-volume ratios, fragmentation, comminution, and decomposer 
community composition (Waring and Schlesinger 1985). Although the affect of many of these 
factors are well understood for aboveground litter, few studies have evaluated their influence on 
fine root decomposition. Gholz et al. (2000) showed that, globally, fine root decomposition was 
best predicted by mean annual temperature (MAT), while aboveground litter mass loss was best 
explained by actual evapotranspiration (AET). This difference shows how the presence of the soil 
matrix may mediate the effects moisture fluctuations on decay. Likewise, many other standard 
predictors for above ground decay have fared poorly when used for predicting belowground mass 
loss. For example, the use of initial lignin:nitrogen or initial nitrogen concentration as predictors 
for the potential decomposability of a substrate is well established for aboveground litter (Melillo 
et al. 1982), but has found less consistent support from fine root studies (McClaugherty et al. 
1982; Mcclaugherty et al. 1984; Bloomfield et al. 1993). These differences emphasize that 
different rules may govern decomposition above and belowground. 
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To improve our understanding of nutrient and carbon availability within an ecosystem we 
must properly understand fine root decomposition. Timing of fine root production and mortality 
varies among species and climatic zones. Fine root growth and mortality have been shown to 
occur simultaneously throughout the year (Hendrick and Pregitzer 1992; Fahey and Hughes 1994) 
and during different seasons (Cheng et al. 1990). Thus, the timing of nutrient release from 
decaying fine roots may be strongly dependent upon both the timing of root death and seasonal 
variations in fine root decay. To adequately understand how natural climatic, stochastic, or plant 
physiological strategies affect ecosystem nutrient availability we must first evaluate how 
seasonality affects fine root decay. 
This study was initiated to quantitatively determine seasonal affects on the decay of 
naturally senesced fine roots(:::;; 2-mm) of three species; a deciduous tree (Acer saccharinum L.), 
a C4 annual grass (Zea mays L.), and a C3 annual grass (Triticum aestivum L.). We hypothesized 
that fine root decomposition would be greatest under warm, moist conditions. We also 
hypothesized that the rapid decay occurring during these periods would coincide with the greatest 
rates of nitrogen release from decaying fine roots. 
Methods 
Background 
The intact core-methodology is designed to maintain the intimate relationship existing 
between roots and the rhizosphere community under in situ conditions. This method provides a 
means to measure fine root decomposition under a more natural state than allowed for with 
litterbags, because it eliminates fine root handling and processing prior to decay. For this reason, 
we believe that this methodology produces results more representative of those occurring under 
natural conditions. 
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Unfortunately, minimization of rhizosphere disturbances prior to decay measurement 
results in some negative drawbacks from an experimental standpoint. First, the intact-core method 
is extremely time consuming, when compared to the litterbag method, because it requires the 
laborious process of sorting fine roots from the soil. Second, fine root biomass within intact cores 
is variable, because spatially fine root biomass is highly heterogeneous under natural conditions. 
For this reason, large sample sizes are required and statistically significant differences are harder 
to detect (Figure 1). Third, mass loss from intact cores is measured differently than from 
litterbags. Since root core processing is a destructive, the initial mass of individual intact cores 
can not be determined. Thus, mass loss from intact cores must be based on changes in population 
means, rather than on changes in individual sample biomass. In contrast, every litterbag has both 
an initial mass and a final mass, allowing decay rates to be determined for each sample. In 
combination, these fundamental differences result in greater overall variability associated with 
intact core comparisons. 
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Figure 1: Mean fine root mass (g root core-1) with upper and 
lower 95% confidence intervals for com. Solid line 
represents the mean mass; broken lines correspond to 
confidence intervals. 
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Procedure 
Fifteen-cm deep by five-cm wide intact soil cores, containing the senesced fine roots of 
silver maple (Acer saccharinum L.), winter wheat (Triticum aestivum L.), and com (Zea mays L.) 
were collected with a steel soil corer into open-ended clear plastic sleeves in 1999. Silver maple 
trees, growing in a dense monoculture, containing no understory, were girdled prior to bud break 
in early spring. Intact cores were collected in May following leaf-out (Table 1). Winter wheat 
root cores were collected immediately following, while com samples were collected just prior to, 
agricultural harvest in July and August respectively (Table 1). Thus, root cores contained the 
freshly senesced fine roots of only one species. Cores were sampled non-randomly at uniform 
distances from plants to minimize core-to-core variability of fine root biomass. Following field 
collection, all cores were stored in a walk-in cooler (6.7° C) until their reinsertion into a grass 
meadow in Story Co., Iowa USA ( 42° 11' N, 93° 30' W). 
Table 1: Date of root substrate harvest, first intact core reinsertion, and last 
removal for all species. Spring period was March to June; summer period 
was June to August; fall period was August to November; winter period was 
November to March. 
Treatment 
Acer saccharinum L. 
Intact Core 
Litterbag 
Zea mays L. 
Intact Core 
Litterbag 
Triticum aestivum L. 
Intact Core 
Litterbag 
Root First Last 
Harvest Reinsertion Removal 
05/05/1999 06/07/1999 06/0712000 
05/05/1999 06/0711999 06/0712000 
09/24/1999 11/05/1999 11/06/2000 
09/24/1999 11/05/1999 11/06/2000 
07/07/1999 08/17/1999 08/16/2000 
07/07/1999 08/17/1999 08/16/2000 
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Both ends of the intact cores were fitted with 160-micrometer polyethylene mesh caps 
before being placed into the grass meadow. The timing of sample reinsertion was dependent upon 
the initial collection date, with the first reinsertion of silver maple, winter wheat, and com cores 
occurring in June, August, and November of 1999 respectively (Table 1). Fifteen intact cores 
containing the senesced fine roots of each species were systematically inserted in June, August, 
November, and March, and then removed at the next insertion period, for one year's time from 
the initial reinsertion (Table 1 ). The duration of decay ranged from 70 days during summer to 131 
days over winter. In total 60 intact cores/species were returned to the lab from the field for 
processing. A subset of intact cores (roughly 60 cores per species) were maintained within the 
walk-in cooler (6.7°C). Fifteen cooler stored cores per species were removed for processing in 
parallel with field cores, and served as time zero mass values for each decay period. 
Unfortunately, roots decayed somewhat during cooler storage and may have diminished inter-
seasonal differences. 
For the duration of the experiment soil temperature at the meadow was monitored, using 
16 thermocouples, taking readings at 30-min intervals both inside (n=6) and outside (n=l0) of 
soil cores. In situ soil moisture in the top 5 to 20-cm section of the soil was determined 
gravimetrically every two weeks. Soil moisture fluctuations within intact cores were also 
monitored gravimetrically by sequential removal of 21 intact cores that were filled to field 
capacity when inserted. 
Following field incubation, all cores were returned to the walk-in cooler and stored until 
sorting. Prior to processing all cores were soaked overnight to loosen adhering soil particles and 
to reduce root fragmentation during processing. Cores were then gently washed through a series 
of sieves ranging in mesh size from 4.0-mm to 0.5-mm. All of the material caught in the screens 
was rinsed into plastic tubs where organic debris and roots were hand separated. Root diameters 
were measured and sorted into three fractions: "Fragment" - very small, broken, and fragmented 
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roots~ 1-mm in diameter that passed through all but the 0.5-mm sieve; "Fine" - root sections I-
mm in diameter; and "Coarse" - roots whose diameters were > 1-mm but 2-mm. 
Chemical Analysis 
A sub-sample of initial roots from each species collected at the time of initial root 
substrate harvest was used to establish conversions ratios between 65°C oven dry weight (48 hrs) 
and 500°C ash-free dry weight (4 hrs). All values reported in this paper refer to ash-free, 65°C 
oven dry weight. The Van Soest forage fiber technique (Goering and Van Soest 1970) was used 
to determine initial % cell solubles, cell wall constituents, hemi-cellulose, cellulose, and lignin. 
Following 65°C drying all samples were ground through a 70-guage mesh screen. Following 
grinding, a Carlo Erba NA 1500 was used to determine tissue C and N contents. 
Data Analysis 
Changes in fine root mass were described by the slope of a linear decay model fit 
between root mass within soil cores at time of insertion and following seasonal decay in the grass 
meadow. The confounding influence of mass loss prior to field insertion, that occurred during 
cooler storage, may have weakened our ability to determine inter-seasonal differences in field 
mass loss. Irrespective of this influence, raw, unadjusted means of pre- and post-decay root 
masses from cores were analyzed using one-way analysis of variance (ANOVA) with decay rates 
(k) as the dependent variable, species as a block, and season as the independent variable. All pair-
wise comparisons were conducted following significant ANOVA results (P<0.05) using Fisher's 
Least Significant Difference test (Fisher's LSD). Slopes describing% original root nitrogen 
remaining were handled in identical fashion as mass loss. All analyses were conducted using SAS 
8.1 (SAS 2000). 
47 
Results 
Temperature and Moisture 
There was no significant difference between measured temperature inside and outside of 
soil cores, so all values were combined (Figure 2). Gravimetric soil moisture never fell below 
15% and generally ranged from 20% to 30% (Figure 2). Soil moisture levels inside of intact cores 
were slightly higher than in the reinsertion field soil, however soil moisture changes inside cores 
did mimic soil fluctuations (Figure 2). 
a. 
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Figure 2: a. Soil temperature (0C) at 15-cm; and b. Gravimetric soil moisture from 5 to 20-cm 
deep in the cool-grass reinsertion field Story Co., Iowa, USA (42° 11' N, 93° 30 ' W) from June 
1999 to November 2000. Solid circles in graph b. represent field soil moisture; open circles 
represent soil moisture within intact cores. Omission of connecting line indicates lack of sampling 
when soil was frozen. 
Root Tissue Quality 
Initial tissue quality significantly differed among species (ANOVA; P<0.05; Table 2) 
with the exception of% initial N. Due to the small species sample size, and the high correlation 
between tissue quality variables, statistical evaluation of tissue characteristics controlling decay 
rates could not be conducted (Dombush unpublished Master's thesis). However, initial 
concentrations of cellulose:hemi-cellulose, lignin, and lignin:nitrogen differed substantially 
between maple roots and the other two species (Table 2). Furthermore, the relative concentration 
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of each of these variables fell in line with observed annual decay rates and thus may help to 
explain relative decay differences (Dombush unpublished Master's thesis). 
Seasonal Differences in Fine Root Decay 
Fine root decay was significantly affected by season of decay (ANOV A; P=0.058; Figure 
3). Mean mass loss was greatest during the summer decay period (Fisher's LSD; P<0.05; Figure 
3). Spring and fall periods were not significantly faster than winter decay rates, but their seasonal 
means were higher than winter's (Fisher's LSD; P>0.05; Figure 3). Mean seasonal k values (n=3 
species) were -0.105, -0 .082, -0.055, and -0 .037 per 30 days for summer, spring, fall, and winter 
periods respectively (Table 3). Seasonal differences in fine root decay were not explained well by 
a simple relationship with mean soil temperature (linear regression; P>0.11; l=0.24). 
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Figure 3: Seasonal rates of fine root mass loss. Solid 
circles represent silver maple; solid triangles represent 
com; and open circles represent winter wheat. 
Table 2: fuitial tissue quality and annual decay rates for silver maple, com, and winter wheat. Annual decay rates are from Domush 
unpublished Master's thesis (2001). Non-significant (one-way ANOVA; P>0.05) differences between species are indicated by (NS). 
Cell Cell Wall Cellulose : 
k Solubles Constituents Hemi-cellulose Cellulose Hemi-cellulose Lignin N Lignin : N C C : N 
Species (yr-I) (%) (%) (%) (%) (%) (%) (%) 
'° Acer saccharinum L. -0.443 41.09 58.91 8.07 17.18 2.14 29.41 1.50 (NS) 19.56 43.02 28.62 
Zea mays L. -0.869 27.38 72.62 30.02 31.67 1.05 6.38 1.62 (NS) 3.94 33.21 20.50 
Triticum aestivum L. -1.238 22.85 77.15 34.92 27.57 0.79 6.85 1.65 (NS) 4.14 30.93 18.71 
Table 3: Seasonal rates of fine root decay and nitrogen release for silver maple, com, and winter wheat. (NS) refers to a 
non-significant decay slope (linear regression; P >0.05). Soil moisture was averaged from 5 to 20-cm from the soil surface, 
and mean soil temperature was taken 15-cm deep. 
Decay Graviometric Mean Soil 
Species k kn Season Period Soil Moisture Temperature 
(30 days·1 ) (30 days·1) (%) (OC) 
Acer saccharinum L. -0.052 -0.042 Spring 3/15/00 - 6/7 /00 23.4 12.2 
-0.071 -0.103 (NS) Summer 6/7 /99 - 8/17 /99 26.03 24.2 
0.028 (NS) -0.027 (NS) Fall 8/17 /99 - 11 /5/99 22.72 14.3 V) 
0 
0.002 (NS) 0.009 (NS) Winter 11 /5/99 - 3/15/00 26.15 3.3 
Zea mays L. -0.087 -0.072 Spring 3/15/00 - 6/7 /00 23.4 12.2 
-0.111 -0.109 Summer 6/7 /00 - 8/ 1 6/00 28.15 22.2 
-0.089 -0.090 (NS) Fall 8/16/00 - 11 /06/00 26.51 16.0 
-0.072 -0.045 (NS) Winter 11 /5/99 - 3/15/00 26.15 3.3 
Triticum aestivum L. -0.108 -0.100 Spring 3/15/00 - 6/7 /00 23.4 12.2 
-0.134 -0.122 Summer 6/7 /00 - 8/16/00 28.15 22.2 
-0.104 -0.064 (NS) Fall 8/17 /99 - 11 /5/99 22.72 14.3 
-0.040 (NS) -0.019 (NS) Winter 11 /5/99 - 3/15/00 26.15 3.3 
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Nitrogen Dynamics 
Significant seasonal affects on N loss were detected (ANOV A; P<0.004). Rates of 
nitrogen loss were greatest during the summer, followed by spring, fall, and winter respectively 
(Figure 4). The summer period produced the highest rates of nitrogen release in every species, 
irrespective of core age, and was significantly different from all other seasons (Fisher's LSD; 
P<0.05; Table 3). Fall and spring nitrogen release rates did not differ, but were significantly 
greater than winter's (Fisher's LSD; P<0.05; Table 3). Root N loss rates increased with 
increasing mean soil temperatures among the decay periods (linear regression; P <0.002; 
r2=0.68). 
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Figure 4: Seasonal rates of fine root nitrogen loss (% of original 
nitrogen remaining). Solid circles represent silver maple; solid 
triangles represent corn; and open circles represent winter wheat. 
Both fine root decay and nitrogen loss were significantly affected by season. Summer 
periods had the greatest rates of fine root mass and nitrogen loss for all species (Figure 3; Figure 
4). On average, spring and fall periods produced the second greatest rates and were similar in 
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magnitude (Figure 3; Figure 4). The winter period produced the lowest mean rates of nitrogen and 
mass loss (Figure 3; Figure 4). 
These results agree with those of Joslin and Henderson (1987), who found similar 
seasonal trends in mass loss in a temperate white oak stand. Furthermore, they found that 
seasonal rates of fine root mass loss positively correlated with soil temperature. Although a 
simple relationship between mean soil temperature and decay rates could not explain fine root 
decay in our experiment (non-significant linear regression; P>0.05), ranked rates of fine root 
mass loss closely matched ranked mean seasonal soil temperatures (Table 2). Soil moisture 
remained similar during all insertion periods, never falling below 15% and generally ranging 
between 20% and 30%. Since moisture remained favorable during this study, it seems unlikely 
that it would have limited decay during any period (Waring and Schlesinger 1985). For these 
reasons, it appears that soil temperature strongly influenced fine root decay rates, and the lack of 
a simple relationship was likely due to interspecies variability in decay rates, and possible 
interactions between soil temperature and soil moisture. 
Lack of dramatic seasonal changes in soil moisture prevented both this study and Joslin 
and Henderson (1987) from determining the affect that soil moisture conditions had on seasonal 
decay rates. However, it has been shown that under similar temperatures, when inter-site or inter-
seasonal differences are associated with large changes in soil moisture, rates of short-term fine 
root decay are strongly impacted (Dormaar and Willms 1993; Gijsman et al. 1997). For example, 
Gijsman et al. (1997) found fine root decay rates up to three times greater during the wet season 
than the dry season in a South American tropical grassland. Therefore, soil moisture status may 
play a greater role in controlling fine root decay in environments experiencing large inter-
seasonal moisture deficits, rather than within the udic moisture regimes associated with many 
temperate climate ecosystems. 
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Nitrogen release from decaying roots was strongly related to mean soil temperature 
(linear regression; P<0.002; Figure 3). Nitrogen is incorporated into the tissues of living plants 
and subsequently, nitrogen release back to the soil is dependent upon its release from root tissues 
during decomposition (Tamm 1991; Carlyle 1986). Since microbial metabolism increases with 
temperature, our observed differences in nitrogen and mass loss among seasons appear to reflect 
seasonal differences in the metabolic activity of microbes. This hypothesis fits well with 
measured soil respiration rates taken from this site during 1998 (Tufekcioglu et al. 2000). Soil 
respiration is a composite measurement that includes the activity of roots, decomposers, and soil 
organisms and thus represents a good proxy for total soil activity. Field measured soil respiration 
rates suggest that the spring insertion period coincided with increasing soil activity, which 
continued to increase until peaking halfway through the summer period (Tufekcioglu et al. 2000). 
Soil activity then declined from the summer peak through fall toward a winter low in activity 
(Tufekcioglu et al. 2000). Overall, soil activity determined via soil respiration, matched well with 
our seasonal rates of fine root nitrogen and mass loss, suggesting that short-term mass loss of 
recently introduced root litter is a metabolically controlled process. 
This result contrasts McClaugherty et al. 's (1984) findings from a temperate deciduous 
forest. They found no seasonal differences in fine root decay, and concluded that the lack of 
seasonal differences resulted from the dependence of short-term mass loss upon the loss of the 
most labile compounds, such as non-structural carbohydrates and water-soluble cell constituents. 
For their study, short-term mass loss was more dependent upon physical processes, such as 
leaching, than on temperature, or moisture controlled metabolic processes. It appears that this 
conclusion is not applicable to fine root decomposition in general, and we believe that it likely 
resulted as an artifact of the experimental design. 
One significant difference in the experimental design between our study, Joslin and 
Henderson's (1987), and McClaugherty et al. 's (1984) is the degree to which live fine root 
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material was utilized as the decay substrate. We used no live root material, Joslin and Henderson 
(1987) used a mixture of live and dead roots, while McClaugherty et al. (1984) used only live 
roots. Use of only live roots likely increased the content of soluble materials capable of leaching, 
and the subsequent loss of this material may have masked seasonal differences in fine root decay 
resulting from microbial activity. 
The results of this study suggest that fine root mass loss and nitrogen release do vary 
seasonally, and appear to be driven by differences in mean soil temperature. Furthermore, our 
results provide evidence that initial mass loss is a metabolically driven process, in contrast to 
previous suggestions of its dependence upon physical processes such as leaching. The inability of 
our study, and others, to determine the relative influence of soil moisture on seasonal decay 
suggests that for temperate ecosystems soil moisture may only rarely limit microbial activity. 
However, this preliminary finding needs further examination. In conclusion, the findings of this 
study suggest that differences in the seasonal timing of fine root death, and subsequent decay, 
may strongly influence seasonal carbon and nutrient availability for ecosystems. 
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GENERAL CONCLUSIONS 
Discussion 
Fine root growth accounts for a large proportion of net primary production (Raich and 
Nadelhoffer 1989; Kucera 1992; Fahey and Hughes 1994; Jackson et al. 1997). Fine root 
demography is highly variable (Cheng et al. 1990; Hendrick and Pregitzer 1992; Fahey and 
Hughes 1994 ), dependent upon species, climate, plant physiological and life history strategies, 
rooting depth (Usman et al. 1999), soil nutrient status (Eissenstat and Caldwell 1988; Roy and 
Singh 1995), soil moisture (Hays and Seastedt 1987), soil CO2 concentration (Pregitzer et al. 
1995), successional stage (Finer et al. 1997), and other abiotic stresses (Silver and Vogt 1993). 
Since soil carbon and nutrient availability is inherently coupled with fine root production, 
mortality, and decay, seasonal and spatial differences in fine root demography strongly influence 
many ecosystem processes. Specifically, fine root dynamics influence microbial metabolism, 
ecosystem nutrient cycling (Mcclaugherty et al. 1982; Fahey et al. 1988; Seastedt 1988; Finer et 
al. 1997), and soil organic matter formation (McClaugherty et al. 1982; Dormaar and Willms 
1993; Christian and Wilson 1999). 
Difficulties with and inconsistencies among fine root turnover estimates limit our 
understanding of elemental-cycling processes and reduce the accuracy of ecosystem models. The 
accurate measurement of fine root production is problematic, as fine root production is highly 
variable and thus very difficult to measure. Furthermore, carbon allocated to live fine roots can be 
lost by leaching, root exudation or mycorrhizal translocation, root respiration, or through 
mortality and decomposition. Therefore, carbon entering live fine root pools can be lost through 
many different fluxes. In contrast, fluxes from dead fine root pools are much easier to isolate and 
measure, because the majority of tissues composing dead fine roots can only decay. For this 
reason it is generally accepted that the use of pool-flux based models, incorporating improved 
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fine root decay rates, has great potential for enhancing belowground production estimates 
(Santantonio and Grace 1987; Joslin and Henderson 1987; Andre'n et al. 1992; Ruark 1993; 
White and Howes 1994). 
The litterbag technique is the most commonly applied method for the measurement of 
fine root decay. However, the appropriateness oflitterbag use with fine roots has been 
questioned, and its accuracy has not been verified for use with root substrates (Ruark 1993; Fahey 
et al. 1994; Fahey and Hughes 1994; McClaugherty et al. 1982; Mcclaugherty et al. 1984). This 
study provided the first step toward improving fine root decay estimates by directly comparing 
decay rates obtained via the litterbag technique and the intact-core method, a less destructive 
method maintaining roots within intact undisturbed soil cores. In addition, a second experiment, 
also utilizing the intact-core method, was conducted to examine the affect of season on fine root 
decay rates. 
Following one year, litterbag roots lost 10% to 21 % less mass than intact core fine roots. 
Differences in mass loss between intact cores and in litterbags were similar to published 
differences between in situ based and litterbag methods (see McClaugherty et al. 1984; Hendrick 
and Pregitzer 1992; Fahey and Hughes 1994). Nitrogen release was two to seven times greater 
within intact cores than within litterbags. Results from this study suggested that litterbags 
decreased fine root decay by altering the natural rhizosphere community, decreasing initial 
substrate tissue quality, and by changing the initial surface area-volume ratio of decaying 
substrates. Exclusion of very fine roots during litterbag preparation reduced the initial tissue 
quality of fine root substrates and may have resulted in the decreased nitrogen release observed 
from litterbag fine roots. Species specific interactions with methodologies were shown for both 
mass loss and nitrogen release, indicating that even litterbag derived relative decay rates may be 
misleading. The findings of this thesis support our hypothesis, that as with the functioning of 
living fine roots, fine root decay is intimately linked to the soil and rhizosphere community. 
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Therefore, any attempt to accurately measure fine root decay must utilize techniques that 
minimize soil and rhizosphere disturbances. 
Fine root decay and nitrogen loss rates differed significantly among seasons, and both 
processes responded similarly to different seasons. Greatest rates of loss occurred during the 
summer, while the slowest loss rates occurred during the winter. My results agree with findings 
from some temperate ecosystem studies (Joslin and Henderson 1987; Santantonio and Grace 
1987), but disagree with the findings ofMcClaugherty et al. (1984). Mcclaugherty et al. (1984) 
found no inter-seasonal differences in fine root mass loss, and attributed their findings to the 
dependence of initial, short-term decay on the loss of labile compounds. Thus, they believed that 
initial, short-term mass loss is dictated by physical processes, such as leaching, rather than 
temperature controlled metabolic processes (McClaugherty et al. 1984). In contrast, my results 
showed decay rates that mimicked changes in soil temperature and soil respiration (Tufekcioglu 
et al. 2000), suggesting that short-term, initial fine root mass loss is dependent upon microbial 
activity. McClaugherty et al. (1984) differed from this thesis, and other studies supporting 
seasonal differences in fine root decay rates (Joslin and Henderson 1987; Santantonio and Grace 
1987), by incorporating only live fine roots for decay substrates. I believe that the inclusion of 
live fine root material by McClaugherty et al. (1984) may have enhanced the concentration of 
readily leachable compounds. The loss of these leachable compounds may have subsequently 
masked seasonal differences in metabolically driven fine root decay. Therefore, contrasting 
results between this thesis and the published results of McClaugherty et al. (1984) suggests that 
the use of live fine root material in decomposition studies may lead to erroneous results, and the 
appropriateness oflive root use should be reevaluated. 
Inter-seasonal differences in soil moisture were minor, and likely never produced 
conditions limiting microbial activity (Waring and Scheslinger 1985). Joslin and Henderson 
(1987) reported similar findings from a temperate white oak stand. Thus under average 
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conditions, seasonal differences in soil moisture may not limit fine root decomposition in 
temperate climates. In contrast, inter-seasonal differences in the soil moisture of a tropical 
grassland resulted in fine root mass loss up to three times greater during the wet season than 
during the dry season (Gijsman et al. 1997). Therefore, inter-seasonal differences in initial fine 
root mass loss for temperate ecosystems appears to be driven primarily by differences in soil 
temperature. However, the affect of soil moisture differences likely increases when seasonal 
changes are linked with strong differences in precipitation. 
This thesis provides new insights into fine root decay, however more research must be 
completed before this complicated process is thoroughly understood. Future work containing a 
large set of species, which characterize a wide range of tissue qualities, is needed to further 
validate my results. The intact core methodology requires minimal a priori processing and 
utilizes naturally senesced fine roots, thus closely mimics natural decay. However, this technique 
is extremely time consuming relative to the litterbag method. Consequently, replication of my 
work is needed to establish the relationship between litterbag introduced error and intact core 
results. This relationship could then be used to correct litterbag data and facilitate the use of this 
less demanding technique. Future work should also focus on the relationship between fine root 
decay rates and substrate tissue quality. Increased understanding of this relationship is needed to 
improve predictions of ecosystem nutrient cycling and carbon sequestration potentials. Finally, 
further investigation into the cause of the decreased decay rates within litterbags could provide a 
powerful tool by which the functioning and relationships between soil microfauna and plant 
residues could be teased apart. Although the small number of species used in this study may limit 
its overall influence, this thesis has provided the first step in the development and testing of a 
new, promising technique, capable of improving our understanding of below ground dynamics. In 
this step lies its strength and the purpose of this thesis. 
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APPENDIX 
RAW DATA 
I 
Soil Graviometric Moisture for the Cool Grass 
Insertion Field on Ron Risdal's Farm: 
Samples Taken From 5 to 20 cm Depth Range 
Sample were taken everv two weeks for all 
non-frozen soil periods between 
06/31/1999 to 11/06/2000. 
Row Sample# Date % H2O Row Sample# Date %H2O Row Sample# Date %H2O 
Removed Removed Removed 
1 1 06/13/1999 36.73 51 1 08/23/1999 23.28 101 1 11/01/1999 16.1 7 
2 2 06/13/1999 34.56 52 2 08/23/1999 19.74 102 2 11/01/1999 17.79 
3 3 06/1 3/1999 33.85 53 3 08/23/1999 27.98 103 3 11/01/1999 19.03 
4 4 06/13/1999 33.06 54 4 08/23/1999 30.99 104 4 11/01 /1999 19.58 
5 5 06/13/1999 31.80 55 5 08/23/1999 21.59 105 5 11/01/1999 17.54 
6 6 06/13/1999 33.19 56 6 08/23/1999 24.47 106 6 11/01 /1999 20.10 
7 7 06/13/1999 35.40 57 7 08/23/1999 25.35 107 7 11/01/1999 22.89 
8 8 06/13/1999 34.88 58 8 08/23/1999 29.75 108 8 11/01/1999 17.97 
9 9 06/13/1999 33.99 59 9 08/23/1999 29.89 109 9 11/01/1999 18.65 
10 10 06/13/1999 34.58 60 10 08/23/1999 24.77 110 10 11/01/1999 17.03 
11 1 07/01/1999 23.48 61 1 09/08/1999 17.44 111 1 11/15/1999 17.93 
12 2 07/01/1999 26.68 62 2 09/08/1999 30.14 112 2 11/15/1999 16.89 
13 3 07/01/1999 30.36 63 3 09/08/1999 29.83 113 3 11/15/1999 19.44 
14 4 07/01 /1999 29.67 64 4 09/08/1999 31 .92 114 4 11 /15/1999 18.86 
15 5 07/01/1999 23.71 65 5 09/08/1999 24.30 115 5 11/15/1999 20.72 
16 6 07/01/1999 28.64 66 6 09/08/1999 19.46 116 6 11/15/1999 18.89 
17 7 07/01/1999 31.88 67 7 09/08/1999 30.92 117 7 11/15/1999 18.13 
18 8 07/01/1999 31 .23 68 8 09/08/1999 23.31 118 8 11/15/1999 19.32 
19 9 07/01 /1999 30.69 69 9 09/08/1999 26.76 119 9 11/15/1999 19.39 
20 10 07/01 /1999 28.34 70 10 09/08/1999 32.59 120 10 11/15/1999 16.53 
21 1 07/14/1999 19.76 71 1 09/20/1999 21.35 121 1 11/29/1999 24.01 
22 2 07/14/1999 18.66 72 2 09/20/1999 27.44 122 2 11/29/1999 20.67 
23 3 07/14/1999 23.09 73 3 09/20/1999 25.85 123 3 11/29/1999 21 .83 
24 4 07/14/1999 22.21 74 4 09/20/1999 18.11 124 4 11/29/1999 25.49 
25 5 07/14/1999 16.23 75 5 09/20/1999 21 .24 125 5 11/29/1999 19.85 
26 6 07/14/1999 22.43 76 6 09/20/1999 21 .97 126 6 11/29/1999 23.52 
27 7 07/14/1999 19.22 77 7 09/20/1999 24.85 127 7 11/29/1999 23.60 
28 8 07/14/1999 21.63 78 8 09/20/1999 20.99 128 8 11 /29/1999 24.64 
29 9 07/14/1999 19.13 79 9 09/20/1999 21.95 129 9 11/29/1999 21.49 
30 10 07/14/1999 18.57 80 10 09/20/1999 20.99 130 10 11/29/1999 22.04 
31 1 07/27/1999 28.53 81 1 10/03/1999 20.69 131 1 12/15/1999 24.42 
32 2 07/27/1999 25.34 82 21 10/03/1999 20.65 132 2 12/15/1999 28.75 
33 3 07/27/1999 21.45 83 3 10/03/1999 26.11 133 3 12/15/1999 31.26 
34 4 07/27/1999 25.06 84 4 10/03/1999 19.47 134 4 12/15/1999 21.38 
35 5 07/27/1999 26.76 85 5 10/03/1999 20.40 135 5 12/15/1999 25.13 
36 6 07/27/1999 29.93 86 6 10/03/1999 22.58 136 6 12/15/1999 23.05 
37 7 07/27/1999 20.71 87 7 10/03/1999 21.03 137 7 12/15/1999 22.25 
38 8 07/27/1999 19.64 88 8 10/03/1999 18.93 ' ' 138 8 12/15/1999 29.73 
39 9 07/27/1999 24.72 89 9 10/03/1999 26.92 139 9 12/15/1999 27.88 
40 10 07/27/1999 25.75 90 10 10/03/1999 28.69 140 10 12/15/1999 26.97 
41 1 08/09/1999 27.26 91 1 10/18/1999 20.17 141 1 03/01 /2000 31 .86 
42 2 08/09/1999 17.99 92 2 10/18/1999 26.45 142 2 03/01/2000 31.63 
43 3 08/09/1999 24.04 93 3 10/18/1999 19.38 143 3 03/01/2000 31.81 
44 4 08/09/1999 22.48 94 4 10/18/1999 12.43 144 4 03/01/2000 29.90 
45 5 08/09/1999 21 .30 95 5 10/18/1999 21.03 145 5 03/01/2000 33.15 
46 6 08/09/1999 23.11 96 6 10/18/1999 27.29 146 6 03/01/2000 32.99 
47 7 08/09/1999 20.47 97 7 10/18/1999 19.97 147 7 03/01/2000 31.15 
48 8 08/09/1999 22.06 98 8 10/18/1999 17.10 148 8 03/01/2000 32.92 
49 9 08/09/1999 25.05 99 9 10/18/1999 18.04 149 9 03/01/2000 32.62 
50 10 08/09/1999 22.34 100 10 10/18/1999 19.68 150 10 03/01/2000 34.33 
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Row Sample# Date % H2O Row Sample# Date %H2O Row Sample# Date %H2O 
' Removed Removed Removed 
151 1 03/15/2000 29.38 201 1 05/24/2000 15.49 249 9 07/19/2000 25.18 
153 2 03/15/2000 28.75 202 2 05/24/2000 14.95 250 10 07/19/2000 25.73 
154 3 03/15/2000 33.85 203 3 05/24/2000 12.63 251 1 08/01/2000 26.96 
156 4 03/15/2000 32.63 204 4 05/24/2000 16.70 252 2 08/01 /2000 21 .51 
157 5 03/15/2000 30.98 205 5 05/24/2000 14.93 253 3 08/01/2000 28.13 
158 6 03/15/2000 32.51 206 6 05/24/2000 13.82 254 4 08/01/2000 25.45 
159 7 03/15/2000 29.01 207 7 05/24/2000 16.90 255 5 08/01 /2000 25.15 
160 8 03/15/2000 31 .67 208 8 05/24/2000 20.40 256 6 08/01/2000 21.21 
161 1 03/29/2000 28.43 209 9 05/24/2000 14.63 257 7 08/01/2000 28.32 
162 2 03/29/2000 28.30 210 10 05/24/2000 15.50 258 8 08/01/2000 28.47 
163 3 03/29/2000 29.66 211 1 06/07/2000 25.61 259 9 08/01/2000 27.45 
164 4 03/29/2000 25.61 212 2 06/07/2000 24.47 260 10 08/01 /2000 25.54 
165 5 03/29/2000 28 .88 213 3 06/07/2000 27.03 261 1 08/16/2000 31 .29 
166 6 03/29/2000 29.52 214 4 06/07/2000 26.63 262 2 08/16/2000 28.58 
167 7 03/29/2000 29.95 215 5 06/07/2000 22.74 263 3 08/16/2000 28.71 
168 8 03/29/2000 27.53 216 6 06/07/2000 24.92 264 4 08/16/2000 32.85 
169 9 03/29/2000 31.25 217 7 06/07/2000 26.05 265 5 08/16/2000 29.07 
170 10 03/29/2000 28.99 218 8 06/07/2000 22.87 266 6 08/16/2000 27.57 
171 1 04/12/2000 27.13 219 9 06/07/2000 26.27 267 7 08/16/2000 31.85 
172 2 04/12/2000 24.81 220 10 06/07/2000 29.25 268 8 08/16/2000 28.52 
173 3 04/12/2000 24.70 221 1 06/20/2000 25.77 269 9 08/16/2000 27.13 
174 4 04/12/2000 27.44 222 2 06/20/2000 29.03 270 10 08/16/2000 31.50 
175 5 04/12/2000 26.85 223 3 06/20/2000 32.29 271 1 08/30/2000 29.43 
176 6 04/12/2000 27.47 224 4 06/20/2000 30.15 272 2 08/30/2000 30.78 
177 7 04/12/2000 31.75 225 5 06/20/2000 31 .77 273 3 08/30/2000 29.86 
178 8 04/12/2000 30.88 226 6 06/20/2000 30.91 274 4 08/30/2000 28.65 
179 9 04/12/2000 21.92 227 7 06/20/2000 29.91 275 5 08/30/2000 30.95 
180 10 04/12/2000 27.03 228 8 06/20/2000 30.04 276 6 08/30/2000 29.08 
181 1 04/26/2000 18.54 229 9 06/20/2000 30.76 277 7 08/30/2000 25.41 
182 2 04/26/2000 30.51 230 10 06/20/2000 28.33 278 8 08/30/2000 28.35 
183 3 04/26/2000 27.10 231 1 07/06/2000 31.06 279 9 08/30/2000 28.22 
184 4 04/26/2000 20.23 232 2 07/06/2000 29.82 280 10 08/30/2000 28.27 
185 5 04/26/2000 24.61 233 3 07/06/2000 29.56 281 1 09/13/2000 21.98 
186 6 04/26/2000 25.13 234 4 07/06/2000 33.51 282 2 09/13/2000 18.41 
187 7 04/26/2000 22.22 235 5 07/06/2000 31.15 283 3 09/13/2000 19.07 
188 8 04/26/2000 27.40 236 6 07/06/2000 33.62 284 4 09/13/2000 22.07 
189 9 04/26/2000 25.11 237 7 07/06/2000 32.12 285 5 09/13/2000 20.31 
190 10 04/26/2000 22.83 238 8 07/06/2000 31.19 286 6 09/13/2000 22.51 
191 1 05/10/2000 18.73 239 9 07/06/2000 32.04 287 7 09/13/2000 17.48 
192 2 05/10/2000 19.18 240 10 07/06/2000 29.96 288 8 09/13/2000 18.44 
193 3 05/10/2000 18.37 241 1 07/19/2000 24.28 289 9 09/13/2000 16.65 
194 4 05/10/2000 20.37 242 2 07/19/2000 21 .85 290 10 09/13/2000 16.70 
195 5 05/10/2000 17.88 243 3 07/19/2000 21.68 291 1 09/27/2000 24.90 
196 6 05/10/2000 23.02 244 4 07/19/2000 25.26 292 2 09/27/2000 21 .83 
197 7 05/10/2000 16.63 245 5 07/19/2000 21.74 293 3 09/27/2000 22.07 
198 8 05/10/2000 18.85 246 6 07/19/2000 25.31 294 4 09/27/2000 28.42 
199 9 05/10/2000 20.02 247 7 07/19/2000 23.31 295 5 09/27/2000 23.20 
200 10 05/10/2000 17.63 248 8 07/19/2000 24.73 296 6 09/27/2000 21.06 
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i 
I i 
Row Sample# Date %H2O 
i Removed 
' 
297 7 09/27/2000 23.19 
I 298 8 09/27/2000 21.41 
299 9 09/27/2000 21.16 
! 300 10 09/27/2000 24.52 
301 1 10/11/2000 23.28 
------- --- -
302 2 10/11/2000 21.47 
- --- -----····-"----··--- -- --~-~-· 
303 3 10/11/2000 28.74 
304 4, 10/11/2000 51.71 
305 5! 10/11/2000 29.50 
--------- -- . ., 
306 6 10/11/2000 24.96 
-------- ----- r----------
7 10/11/2000 28.62 307 
308 8 10/11/2000 29.72 
309 9 10/11/2000 56.09 
310 10: 10/11/2000 28.13 
:3_1__1_ ---- 1 10/25/2000 23.23 -------- --------------------- -- -·- - -· ----------- ------~--- ------ - - --- -----------
10/25/2000 
--~---- -- ---------- ----- -------
312 2 25.73 ---------!----- ------~----~ ------- ------- --- - -- -- 10/25/2000 ---- --- -313 3 21.52 
314 4 10/25/2000 18.48 
--- ---- -----~ --~- -----
315 5 10/25/2000 27.82 
- ---- ------ -- -· - ----·- -·--
316 6 10/25/2000 28.09 
----- -- --------------317 7 24.95 
318 8 10/25/2000 21.69 
319 9 10/25/2000 22.94 
320 10 10/25/2000 28.46 
321 1 11/06/2000 20.82 
322 2 11/06/2000 28.70 
323 3 11/06/2000 33.83 
324 4 11/06/2000 23.78 
325 5 11/06/2000 37.01 
326 6 11/06/2000 33.49 
327 7 11/06/2000 30.78 
328 8 11/06/2000 33.27 
329 9 11/06/2000 32.41 
330 10 11/06/2000 36.77, 
66 
Soil Moisture For Cores in Field at Risdal: All cores 
were treated exactly as root cores. Initial insertion 
was 05/24/2000. 
I 
Core# Date Inserted Date Removed %H2O -
1-May 05/24/2000 05/24/2000 42.336483 
2-May 05/24/2000 05/24/2000 40.8401738 
3-May 05/24/2000 05/24/2000 42.0305782 
1-Jun 05/24/2000 07/06/2000 39.9454238 
2-Jun 05/24/2000: 07/06/2000 31.7010533 
3-Jun 05/24/2000 • 07/06/2000 33.6001949 
1-Jul 05/24/2000 07/19/2000 34.2064028 
2-Jul 05/24/2000 07/19/2000 34.5952357 
3-Jul 05/24/2000 07/19/2000 30.9906458 
1-Aug 05/24/2000 08/16/2000 27.8648744 
2-Aug 05/24/2000 08/16/2000 43.297156 
1-Sep 05/24/2000 09/27/2000 30.6905689 
2-Sep 05/24/2000 09/27/2000 29.9100099 
3-Sep 05/24/2000 09/27/2000 31.1013441 
1-Oct 05/24/2000 10/25/2000 23.9748779 
2-Oct 05/24/2000 · 10/25/2000 22.5740181 
3-Octl 05/24/2000 10/25/2000 31.5050052 
1-Nov 05/24/2000 11/06/2000 37.4336098 
2-Nov 05/24/2000 11/06/2000 32.9381186 
67 
Bulk Density and soil property measurements for Soil Associated with sample locations and insertion field. 
Values based off of a core volume of 382.8 cm/\3, with soil drying done at 105 C for 48hrs 
Cool Grass insertion field (Tom Risdal's Farm) 
Collected on 06/07/1999 
Species Core# 105WT Rock Vol. Bulk Den. pH pH 
g cm" g/cm" H2O KCL 
Field B1 327.5 0.7 0.857105 7.04 6.74 
Field B2 335.9 1 0.87978 7.08 6.6 
Field B3 348 0.3 0.909804 7.16 6.72 
Field B4 349.6 0.3 0.913987 7.11 6.61 
Field B5 344.5 0.1 0.900183 7.02 6.89 
Field B6 356.9 0.1 0.932584 7.13 6.88 
Field B7 331.4 0.3 0.866405 1 7.03 6.66 
Field B8 338.1 3.1 0.89044 7.01 6.74 
Field B9 343 0.2 0.896498 6.99 6.65 
0.677778 0.894 7.06 6.72 
' 
Maple Field (Fick ObseNatory) 
Collected on 05/28/1999 
Species Core# 105WT Rock Vol. Bulk Den. ; pH pH 
g cm" g/cm" H2O KCL 
Maple 1,1 413.9 0.3 1.082092 6.12 5.54 
Maple 1,2 388.3 0.2 1.014898 6.26 5.71 
Maple 1,3 401.7 0.2 1.049922 6.12 5.55 
Maple 2,1 430.6 0.7 1.12693 5.9 5.4 
Maple 2,2 448.2 0.4 1.172071 6.15 5.55 
Maple 2,3 467.9 1.4 1.226796 5.62 5.01 
Maple 3,1 504.5 1.3 1.322412 6.2 5.69 
Maple 3,2 383.5 0.4 1.002877 6.13 5.55 
Maple 3,3 426.4 0.6 1.115646 5.96 5.39 
0.611111 1.124 6.05 5.49 
Wheat Field (NE of Ogdon, IA) 
Collected on 07/07/1999 
Species Core# 105WT Rock Vol. Bulk Den. pH pH 
g cm" g/cm" H2O KCL 
Wheat WS1 470.2 0.1 1.228639 [ 5.69 5.11 
Wheat WS2 496 0.2 1.296393 5.3 4.75 
Wheat WS3 479.9 0.2 1.254313 5.2 4.62 
Wheat WS4 437.7 2.3 1.150329 6.12 5.46 
Wheat WS5 450.6 2.2 1.18392 6.64 5.67 
Wheat WS6 471.3 0.2 1.231835 5.77 5.21 
Wheat WS7 459.4 0.7 : 1.202303 6.12 5.43 
Wheat WS8 493.3 0.1 1.288999 5.95 5.34 
Wheat WS9 380 0.3 0.993464 6.18 5.4 
0.7 1.203 5.89 5.22 
' 
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Corn Field (Field adjacent to Alfala field on R. Risdal's Farm) 
Collected on 09/24/1999. 
Species Core# 105 WT Rock Vol. Bulk Den. pH 1 pH 1 pH 2 pH 2 
g cm" i g/cm" H2O KCL H2O KCL I 
Corn C1 433.5 19 1.191699 4.60 3.92 5.03 4.13 
Corn C2 457.8 2 ! 1.202174 4.69 3.90 5.04 4.17 
Corn iC3 466.7 3.3 1.229752 1 4.59 3.85 5.30 4.22 
Corn C4 454.7 6.8 1.209303 4.77 4.12 5.09 4.14 
Corn cs 485.0 4.9 1.283392 4.71 3.93 4 .86 4.05 
Corn C6 497.8 10 1.335343 4.78 3.97 4.85 4.02 
Corn C7 489.2 3 1.287967 4.63 3.98 4.69 3.90 
Corn cs 494.7 4.4 1.307291 4.84 4.02 4.95 4.06 
Corn C9 469.5 10.1 1.259793 4.80 3.96 5.00 4.10 
7.055556 1.256 i 4.71 3.96 4.98 4.09 
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Ash-free Conversion Ratios: i 
Maple Roots: : i 
Air Dry to Oven Dry Weight Ratio: i 
I 
Air Dry 65 C 65 Wt: Air 105 C 105: Air 105: 65 450 C 450: Air 450: 65 C 450: 105 ----- -
Plot# RootType Weight Weight Wt. Ratio Weight Wt Ratio Wt Ratio Weight Wt Ratio Wt Ratio Wt Ratio 
(g) lg) (g) I (g) 
1 Fine 2.829 2.654 0.938 2.476 0.875 0.933 0.341 0.121 0.128 0.138 
1 Coarse 3.345 3.153 0.943 2.973 0.889' 0.943 0.372 0.111 0.118 0.125 
2 Fine 2.867 2.713 0.946 2.528 0.882, 0.932 0.414 0.144 0.153 0.164 
2 Coarse 3.245 3.067 0.945 2.878 0.887' 0.938 0.254 0.078 0.083 0.088 
3 Fine 2.689 2.532 0.942 2.359 0.877: 0.932 0.358 0.133 0.141 0.152 
3 Coarse 3.091 2.909 0.941 2.730 0.8831 0.938 0.229 0.074 0.079 0.084 
Fine I I --
Avg. Ratio 2.795 2.633 0.942 2.454 0.878 0.932 0.371 0.133 0.141 0.151 
Coarse 
Avg. Ratio 3.227 3.043 0.943 2.860 0.886 0.940 0.285 0.088 0.093 0.099 
i ,,_ --~-
Wheat Roots: i 
Air Dry to Oven Dry Weight Ratio: 
.Air Dry 65C 65 Wt: Air 105 C , 105: Air 105: 65 500 C 500: Air 500: 65 C 500: 105 
Plot# Root Type!Weight Weight Wt. Ratio Weight [Wt Ratio Wt Ratio Weight Wt Ratio Wt Ratio Wt Ratio 
(g) 1- ------~ (g) (g) (g) 
1 Fine 1.518 1.410 0.929 1.397 0.920 o.991 I 0.244 0.161 0.173 0.175 
--------- - ~- - ---- ---
2 Fine 1.543 1.431 0.927 1.422 0.922 0.994i 0.316 0.205 0.221 0.222 - - ---·-- ---------- -------
3 Fine 1.546, 1.429 0.924 1.415i 0.915 0.990 0.215 0.139 0.150 0.152 
Fine 
Avg. Ratio 1.536 1.423 0.927 1.411 0.919 0.992 0.258 0.168 0.181 0.183 
-- --- - -----
Corn Roots: I -
I Air Dry to Oven Dry Weight Ratio: I --------
I Air Dry 65 C 65 Wt: Air 105 C 105: Air , 105: 65 500 C 500: Air 500: 65 C 500: 105 
Plot# Root Type iWeight Weight WI. Ratio Weight Wt Ratio WI Ratio Weight Wt Ratio Wt Ratio Wt Ratio 
i(g) (g) (g) (g) 
1 Fine 1.554 1.482 0.954 1.462 0.941 0.987 0.162 0.104 0.109 0.111 ----
1 Coarse 1.593 1.534! 0.963 1.51 0.948 0.984 0.075 0.047, 0.049 0.050 ----- -
2 Fine 1.58 1.522 0.963' 1.498 0.948 0.984 0.135 0.085 0.089 0.090 
2 Coarse 1.55 1.491 0.962 1.4681 0.947 0.985 0.084 0.054 0.056 0.057 
3 Fine 1.578 1.499 0.950 1.468 0.930 0.979 0.135 0.086 0.090 0.092 
3 Coarse 1.567 1.509 0.963 1.487 0.949 0.985 0.095 0.061 0.063 0.064 
! 
I Fine 
Avg. Ratio 0.956 1.476 0.940 0.983 0.144 0.092 0.096 0.098 
Coarse 
Avg.Ratio 0.963 1.488 0.948 0.985 0.085 0.054 0.056 0.057 
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Maple Core Removal:Samples taken from the Fick Observatory on May 05, 1H~9. 
--- -~------ i 
Wheat Core Removal: Samples Taken from NE of Ogdon, IA on July 07, 1999. I 
Com Core Removal: Samples taken from Tom Risdals field West of Bear Creak on September 24, 1999. ·-- I 
Cares represent the top 15 cm of the soil I I 
All Unkown lenoths have been added into the coarse root length measure. I 
Data were book cl1ecked and all val.ue~ are correcl. As of 11/20/290.94_ i 
All FormLd1 are correct as of 11f21!2DOO. ; 
Root 1Fine Root Total Fine Coarse Total Coarse 
Core# ,Group Date Date Date Fragmenti (1.0 and less Root Mass (2.0to>1 Root Mass 
Inserted Removed Sorted Date Mass 1mmDiam} (Fine + Unk.) mm Diam) (Coar.+ Unk.) 
65C I Mass (g) (g) Mass (g) (g) 
55 sort 'NA NA 10/20/1999 Com 11/05/1999 0.098 0.197 0.197 0.111 0.111 
142 sort NA NA 10/25/1999 Corn 11/05/1999 i 0.064 0.098 0.098 0.012 0.012 
145 sort NA NA 11/09/1999 Com 11/05/19991 0.14 0.222 0.222 0.05 0.05 -----
42 sort NA NA 11/12/1999 Corn 11/05/19991 0.106 0.253 0.253 0.2 0.2 
137 sort NA NA 11/13/1999 Corn 11/05/1999, 0.126 0.235 0.235 0.158 0.158 
128 sort NA NA 11/14/1999 Com 11/05/1999 0.13 0.364 0.364 0.106 0.106 
131 sort NA NA 11/14/1999 Corn 11/05/1999 0.111 0.255 0.255 0.094 0.094 
- 499:sort NA NA 11/20/1999 Corn 11/05/1999 0.076 0.432 0.432 0.029 0.029 
501 'sort NA NA 11/20/1999 Com 11/05/1999 0.142 0.175 0.175 0.015 0.015 
504 sort NA NA 11/20/1999 Com 11/05/1999 0.068 0.21 0.21 0.01 0.01 
140 sort NA NA 11/21/1999 Com 11/05/1999 0.09 0.234 0.234 0 0 
495 sort NA NA 11/21/1999 Corn 11/05/1999 0.099 0.224 0.224 0 0 ----
sort NA NA 11/22/1999 Corn 11/05/1999 0.079 0.252 0.252 0.054 0.054 
129 sort NA NA ----- JJ..122/!999 Corn 11/05/1999 0.071 0.339 0.339 0.122 0.122 
41 sort NA NA- 12/01/1999 Com 11/05/1999 0.051 0.162 0.162 0.075 0.075 
70 sort NA NA 12/02/1999 Com 11/05/1999 0.034 0.333 0.333 0.06 0.06 
84 L. Term 11/05/1999 03/15/2000 03/18/2000 Com 03/15/2000 0.071 0.147 0.147 0 0 
94 L. Term 11/05/1999 03/15/2000 03/18/2000 Com 03/15/2000 0.062 0.170 0.170 0.021 0.021 
100 L. Term 11/05/1999 03/15/2000 03/18/2000 Corn 03/15/2000 0.064 0.170 0.170 0.032 0.032 ----
117 L. Term 11/05/1999 03/15/2000 03/18/2000 Corn 03/15/2000 0.090 0.185 0.1-85 0.020 0.020 
12 L. Term 11/05/1999 03/15/2000 03/20/2000 Corn 03/15/2000 0.071 0.212 0.212 0.053 0.053 
9 L. Tenn 11/05/1999 03/15/2000 03/28/2000 Corn 03/15/2000 0.115 0.298 0.298 0.105 0.105 
143 !:__Term 11/05/1999 03/15/2000 03/29/2000 Com 03/15/2000 0.047 0.143 0.143 0 0 ~147 L. Term 11/05/1999 03/15/2000 03/29/2000 Com 03/15/2000 0.074 0.142 0.142 0.022 0.022 
27 L. Term 11/05/1999 03/15/2000 03/31/2000 Com 03/15/2000 0.044 0.176 0.176 0.044 0.044 
111 L. Term 11/05/1999 03/15/2000 03/31/2000 Corn 03/15/2000 0.075 0.173 0.173, 0.074 0.074 
13 L. Term 11/05/1999 03/15/2000 04/10/2000 Com 03/15/2000 0.066 0.217 0.217 0.073 0.073 
107 L. Term 11/05/1999 03/15/2000 04/10/2000 Com 03/15/2000 0.074 0.099 0.099 0 0 
136 L. Term 11/05/1999 03/15/2000' 04/10/2000 Com 03/15/2000 0.063 0.135 0.135 0 0 
127 L. Term 11/05/1999 03/15/2000 04/11/2000 Com 03/15/2000 0.061 0.143 0.143 0.034 0.034 
144 L. Term 11/05/1999 03/15/2000 04111/2000 Com 03/15/2000 0.078 0.182 0.182 0 0 
81 sort NA NA 02/12/2000 Com 03/15/2000 0.075 0.244 0.244 0.028 0.028 
33 sort NA NA 02/19/2000 Com 03/15/2000 0.140 0.152 0.152 0.021 0.021 
87 sort NA NA 02/19/2000 Com 03/15/2000 0.084 0.168 0.168 0.071 0.071 
61 sort NA NA 02/20/2000 Com 03/15/2000 0.072 0.231 0.231 0.034 0.034 
10 sort NA NA 02/21/2000 Com 03/15/2000 0.053 0.223 0.223 0.117. 0.117 
105 sort --·· NA NA 02/23/2000 Com 03/15/2000 0.083 0.150 0.150 0.0861 0.086 
78 sort NA NA 02/29/2000 Com W15!2-000 0.071 0.249 0.249 0.084 0.084 
135 sort NA NA 02/29/2000 Com 03/15/2000 0.069 0.223 0.223 0.037 1 0.037 
83 sort NA NA 03/03/2000 Com . 03/15/2000 0.048 0.200 0.200 0.044 0.044 
102 sort NA NA 03/05/2000 Com 03/15/2000 0.065 0.125 0.125 0 0 
110 sort NA NA 03/05/2000 Com 03/15/2000 0.054 0.198 0.198 0.029 0.029 
89 sort ,NA NA 03/07/2000 Com 03/15/2000 0.100 0.196 0.196 0.049 0.049 
43 sort NA ,NA 03/12/2000 Com 03/15/2000 · 0.042 0.173 0.173 0.011 0.011 
106 sort NA iNA 03/13/2000 Com 03/15/2000 I 0.065 0.166 0.166 0.026 0.026 
76 sort NA ,NA 03/16/2000 Com 03;1512000 I 0.065 0.129 0.129 0.021 0.021 
31 L. Term I 11/05/1999! 06/07/2000 06/09/2000 Com 06/07/2000 ! 0.067 0.133 0.133 0.036 0.036 
59!L. Term 11/05/1999 I 06/07/2000 06/09/2000 Com 06/07/2000 ! 0.089 0.078 0.078 0.023 0.023 
14'L. Term . 11/05/1999 06/07/2000 06/15/2000 Corn 06/07/2000 0.064 0.095 0.095 0.033 0.033 
45:L. Term ' 11/05/1999 06/07/2000 06/16/2000 Com 06/07/2000 I 0.091 0.196 0.196 0.069 0.069 
56 L. Term 11/05/1999 06/07/2000 06/22/2000 Com 06/07/2000 0.097 0.136 0.136 0.013 0.013 
96 L. Term 11/05/1999 06/07/2000 06/22/2000 Com 06/07/2000 0.058 0.114 0.114 0.048 0.048 
80 L. Term 11/05/1999 06/07/2000 06/27/2000 Com 06/07/2000 0.079 0.167 0.167 0.064 0.064 
88 L. Term 11/05/1999 06/07/2000 06/27/2000 Com 06/07/2000 0.083 0.163 0.163 0.065 0.065 
148 L. Term 11/05/1999 06/07/2000 06/27/2000 Com 06/07/2000 0.046 0.082 0.082 0.041 0.041 
47 L. Term 11/05/1999 06/07/2000 06/28/2000 Carn 06/07/2000 0.126 0.158 0.158 0.014 0.014 
53 L. Term 11/05/1999 06/07/2000 06/28/2000 Corn 06/07/2000 0.05 0.157 0.157 0.023 0.023 
6 L. Term 11/05/1999 06/07/2000 06/29/2000 Corn 06/07/2000 0.087 0.217 0.217 0.083 0.083 ~54 L. Term 11/05/1999 06/07/2000 06/29/2000 Com 06/07/2000 0.075 0.131 0.131 0.11 0.11 
82 S. Term 03/15/2000 06/07/2000 06/12/2000 Com 06/07/2000 0.077 0.034 0.034 0.016 0.016 
99 S. Term 03/15/2000 06/07/2000 06/13/2000 Com 06/07/2000 0.147 0.09 0.09 0.038 0.038 
24 S. Term 03/15/2000 06/07/2000 06/14/2000 Com 06/07/2000 0.079 0.089 0.089 0.034 0.034 
8 S. Term 03/15/2000 06/07/2000 06/20/2000 cam 06/07/2000 0.066 0.067 0.067 0 0 
48 S. Term 03/15/2000 06/07/2000 06/20/2000 Corn 06/07/2000 0.116 0.13 0.13 0.121 0.121 
39 S. Term 03/15/2000 06/07/2000 06/22/2000 Com 06/07/2000 0.097 0.099 0.099 0.036 0.036 
112 S. Term 03/15/2000 06/07/2000 06/22/2000 Corn 06/07/2000 0.05 - i:i:°692 0.01 0.01 --
30 S. Term 03/15/2000 06/07/2000 07/05/2000 coin 06/07 /2()00 . 0.055 0.035 0.01 0.01 
85 S. Term 03/15/2000 06/07/2000 07/05/2000 Com 06/07/2000 I 0.075 0.087 0.087 0.053 0.053 
5 S. Term 03/15/2000 06/07/2000 07/06/2000 Corn 06/07/2000 0.081 0.184 0.184 0.046 0.046 --
4 S. Term : 03/15/2000 06/07/2000 07/07/2000 Corn 06/07/2000 0.06 0.102 0.102 0.02 0.02 
1 S. Term i 03/15/2000 06/07/2000 07/10/2000 Corn 06/07/2000 0.063 0.069 0.069 0.033 0.033 
74 S. Term I 03/15/2000 06/07/2000 07/10/2000 Corn 06/07/2000 0.064 0.121 0.121 0.017 0.017 
38 sort INA NA 05/23/2000 Corn 06/07/2000 0.1 0.286 0.286 0.104 0.104 
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79 sort NA NA 05/23/2000 Com 06/07/2000 0.075 0.12 0.12 0.02 0.02 
98 sort NA NA 05/25/2000 Com 06/07/2000 0.092 0.086 0.086 0 0 
123 sort NA NA 05/25/2000 Com 06/07/2000 0,066 0.085 0.085 0.01 0.01 
18 sort NA NA 05/26/2000 Com 06/07/2000 0.112 0.092 0.092 0.039 0.039 
95 sort NA NA 05/30/2000 Com 06/07/2000 0.084 0.14 0.14 0.021 0.021 
149 sort NA NA 05/30/2000 Com 06/07/2000 0.136 0.111 0.111 0.065 0.065 
72 sort NA NA 05/31/2000 Com 06/07/2000 0,06 0.101 0.101 0.011 0.011 
67 sort NA NA 06/01/2000 Com 06/07/2000 0.071 0.032 0.032 0 0 
122 sort NA NA 06/01/2000 Com 06/07/2000 0.073 0.078 0.078 0.038 0.038 
37 sort NA NA 06/02/2000 Com 06/07/2000 0.091 0.283 0.283 0.047 0.047 
507 sort NA NA 06/02/2000 Com 06/07/2000 0,085 0.178 0.178 0.025 0.025 
32 sort NA NA 06/05/2000 Com 06/07/2000 0.06 0,092 0,092 0.003 0.003 
125 sort NA NA 06/06/2000 Com 06/07/2000 0.074 0.149 0.149 0.06 0.06 
509 sort NA NA 06/06/2000 Com 06/07/2000 0.084 0.153 0.153 0.072 0.072 
29 L. Term 11/05/1999 08/16/2000 08/21/2000 Corn 08/16/2000 0.074 0.052 0.052 0.024 0.024 
2 L. Term 11/05/1999 08/16/2000 08/23/2000 Com 08/16/2000 0.049 0.054 0.054 0 0 
65 L. Term 11/05/1999 08/16/2000 08/23/2000 Com 08/16/2000 0.077 0.075 0.075 0.073 0.073 
86 L. Term 11/05/1999 08/16/2000 08/28/2000 Com 08/16/2000 0.079 0.174 0.174 0.056 0.056 
138 L. Term 11/05/1999 08/16/2000 08/28/2000 Com 08/16/2000 0.093 0.056 0.056 0.033 0.033 
73 L. Term 11/05/1999 08/16/2000 09/05/2000 Com 08/16/2000 0.06 0.052 0.052 0.03 0.03 
133 L. Term 11/05/1999 08/16/2000 09/05/2000 Com 08/16/2000 0.071 0.075 0.075 0.026 0.026 
141 L. Term 11/05/1999 08/16/2000 09/05/2000 Com 08/16/2000 0,059 0.116 0.116 0.041 0.041 
11 L. Term 11/05/1999 08/16/2000 09/06/2000 Com 08/16/2000 0.06 0.097 0.097 0.047 0.047 
103 L. Term 11/05/1999 08/16/2000 09/06/2000 Com 08/16/2000 0.054 0.038 0.038 0.024 0.024 
3 L. Term 11/05/1999 08/16/2000 09/07/2000 Com 08/16/2000 0.106 0.134 0.134 0.161 0.161 
101 L. Term 11/05/1999 08/16/2000 09/07/2000 Com 08/16/2000 0.059 0.095 0.095 0.028 0.028 
146 L. Term 11/05/1999 08/16/2000 09/08/2000 Com 08/16/2000 0.073 0.136 0.136 0.083 0.083 
17 s. Term 06/07/2000 08/16/2000 08/21/2000 Com 08/16/2000 0.061 0.07 0.07 0.013 0.013 
35 S. Term 06/07/2000 08/16/2000 08/21/2000 Com 08/16/2000 0.041 0.042 0.042 0.026 0.026 
50 S. Term 06/07/2000 08/16/2000 08/21/2000 Com 08/16/2000 0.052 0.067 0.067 0 0 
19 S. Term 06/07/2000 08/16/2000 08/30/2000 Com 08/16/2000 0.06 0.057 0.057 0.005 0.005 
69 S. Term 06/07/2000 08/16/2000 08/30/2000 Com 08/16/2000 0.054 0.043 0.043 0 0 
114 S. Term 06/07/2000 08/16/2000 08/30/2000 Com 08/16/2000 0.051 0.082 0.082 0.074 0.074 
91 S. Term 06/07/2000 08/16/2000 08/31/2000 Com 08/16/2000 0.058 0.108 0.108 0.046 0.046 
68 S. Term 06/07/2000 08/16/2000 09/06/2000 Com 08/16/2000 0.053 0.104 0.104 0.05 0.05 
25 S. Term 06/07/2000 08/16/2000 09/08/2000 Com 08/16/2000 0.044 0.042 0.042 0.002 0.002 
28 S. Term 06/07/2000 08/16/2000 09/08/2000 Com 08/16/2000 0,067 0.043 0.043 0.004 0.004 
22 s. Term 06/07/2000 08/16/2000 09/11/2000 Com 08/16/2000 0.068 0.161 0.161 0,056 0,056 
75 S. Term 06/07/2000 08/16/2000 09/11/2000 Com 08/16/2000 0.065 0.141 0.141 0.02 0.02 
23 s. Term 06/07/2000 08/16/2000 09/12/2000 Com 08/16/2000 0.066 0,038 0.038 0.014 0.014 
26 S. Term 06/07/2000 08/16/2000 09/12/2000 Com 08/16/2000 0.049 0,067 0.067 0.001 0.001 
58 S. Term 06/07/2000 08/16/2000 09/12/2000 Com 08/16/2000 0.054 0.115 0.115 0.029 0.029 
46 sort NA NA 07/31/2000 Com 08/16/2000 0.079 0.113 0.113 0.047 0.047 
77 sort NA NA 07/31/2000 Com 08/16/2000 0.065 0.181 0.181 0.027 0.027 
57 sort NA NA 08/01/2000 Com 08/16/2000 0.097 0.212 0.212 0.079 0.079 
34 sort NA NA 08/02/2000 Corn 08/16/2000 0.11 2 0.14 0.14 0.169 0.169 
60 sort NA NA 08/02/2000 Com 08/16/2000 0.08 0.182 0.182 0.031 0,031 
15 sort NA NA 08/04/2000 Com 08/16/2000 0.093 0.054 0.054 0.022 0.022 
49 sort NA NA 08/04/2000 Com 08/16/2000 0.087 0.028 0.028 0.067 0.067 
71 sort NA NA 08/04/2000 Com 08/16/2000 0.086 0.108 0.108 0.039 0.039 
21 sort NA NA 08/07/2000 Com 08/16/2000 0.094 0.05 0.05 0,034 0,034 
7 sort NA NA 08/08/2000 Corn 08/16/2000 0.106 0.105 0.105 0.031 0.031 
64 sort NA NA 08/08/2000 Com 08/16/2000 0.117 0.123 0.123 0.047 0.047 
36 sort NA NA 10/27/2000 Com 11/06/2000 0.075 0.127 0.127 0.025 0.025 
82 sort NA NA 11/05/2000 Com 11/06/2000 0.054 0.142 0.142 0.08 0.08 
97 sort NA NA 10/31/2000 Com 11/06/2000 0.082 0.149 0.149 0.017 0.017 
108 sort NA NA 10/30/2000 Com 11/06/2000 0.055 0.195 0.195 0.096 0.096 
119 sort NA NA 10/31/2000 Com 11/06/2000 0.08 0.154 0.154 0.102 0.102 
120 sort NA NA 11/01/2000 Com 11/06/2000 0.057 0.261 0.261 0.099 0.099 
113 sort NA NA 10/27/2000 Com 11/06/2000 0.085 0.206 0.206 0.026 0.026 
150 sort NA NA 11/01/2000 Com 11/06/2000 0.064 0.122 0.122 0.033 0.033 
493 sort NA NA 10/31/2000 Com 11/06/2000 0,069 0.154 0.154 0.053 0.053 
498 sort NA NA 10/30/2000 Com 11/06/2000 0.072 0.124 0.124 0.047 0.047 
500 sort NA NA 10/30/2000 com 11/06/2000 0.068 0.106 0,106 0.009 0,009 
20 L. Term 06/07/2000 11/06/2000 11/07/2000 Com 11/06/2000 0.07 0.055 0.055 0.02 0.02 
51 L. Term 06/07/2000 11/06/2000 11/08/2000 Com 11/06/2000 0,043 0.056 0.056 0.013 0.013 
63 L. Term 06/07/2000 11/06/2000 11/13/2000 Com 11/06/2000 0.059 0.093 0.093 0.033 0.033 
104 L. Term 06/07/2000 11/06/2000 11/15/2000 Com 11/06/2000 0.058 0.106 0.106 0.021 0.021 
109 L. Term 06/07/2000 11/06/2000 11/14/2000 Com 11/06/2000 0.039 0.053 0.053 0.011 0.011 
116 L. Term 06/07/2000 11/06/2000 11/14/2000 Com 11/06/2000 0.043 0.126 0.126 0.055 0.055 
130 L. Term 06/07/2000 11/06/2000 11/09/2000 Com 11/06/2000 0.051 0,08 0.08 0.017 0.017 
132 L. Term 06/07/2000 11/06/2000 11/09/2000 Corn 11/06/2000 0.044 0.079 0.079 0.071 0.071 
134 L. Term 06/07/2000 11/06/2000 11/10/2000 Com 11/06/2000 0.041 0.037 0.037 0.007 0.007 
497 L. Term 06/07/2000 11/06/2000 11/07/2000 Corn 11 /06/2000 0,034 0.036 0.036 0,008 0,008 
503 L. Term 06/07/2000 11/06/2000 11/10/2000 Com 11/06/2000 0.067 0.175 0.175 0.051 0,051 
505 L. Term 06/07/2000 11 /06/2000 11/15/2000 Corn 11/06/2000 0.041 0.085 0.085 0.023 0.023 
506 L. Term 06/07/2000 11/06/2000 11/09/2000 Com 11/06/2000 0.045 0.136 0.136 0.032 0.032 
510 L. Term 06/07/2000 11/06/2000 11 /08/2000 Com 11/06/2000 0.052 0.038 0,038 0.011 0.011 
52 S. Term 08/16/2000 11/06/2000 11/13/2000 Com 11/06/2000 0.071 0.171 0.171 0.022 0.022 
66 S. Tenn 08/16/2000 11 /06/2000 11 /1 3/2000 Com 11/06/2000 0.06 0.119 0.119 0.026 0.026 
118 S. Term 08/16/2000 11/06/2000 11/13/2000 Com 11/06/2000 0.049 0.119 0.119 0 0 
124 S. Term 08/16/2000 11/06/2000 11/08/2000 Corn 11/06/2000 0.056 0.187 0.187 0.07 0.07 
126 S. Term 08/16/2000 11/06/2000 11/09/2000 Com 11/06/2000 0.057 0.114 0.114 0.021 0.021 
139 S. Term 08/16/2000 11/06/2000 11/14/2000 Com 11/06/2000 0.035 0.046 0.046 0.007 0,007 
492 S. Term 08/16/2000 11/06/2000 11/08/2000 Corn 11/06/2000 0.063 0.095 0.095 0,028 0.028 
494 S. Term 08/16/2000 11/06/2000 11/07/2000 Corn 11/06/2000 0.049 0.066 0.066 0.01 0.01 
496 S. Term 08/16/2000 11/06/2000 11/15/2000 Com 11/06/2000 0.054 0.109 0.109 0.012 0.012 
508 S. Term 08/16/2000 11/06/2000 11/07/2000 Com 11/06/2000 0.056 0.106 0.106 0.012 0.012 
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511 S. Term 08/16/2000 11/06/2000 11/14/2000 Com 11/06/2000 0.047 0.076 0.076 0.052 0.052 
512 S. Term 08/16/2000 11/06/2000 11/08/2000 Com 11/06/2000 0.056 0.096 0.096 0.053 0.053 
169 sort NA NA 06/15/1999 Maple 06/07/1999 0.195 0.363 0.363 0.056 0.056 
199 sort NA NA 06/15/1999 Maple 06/07/1999 0.275 0.408 Q.408 0.047 0.047 
209 sort NA NA 06/15/1999 Maple 06/07/1999 0.169 0.301 0.301 0.179 0.179 
216 sort NA NA 06/15/1999 Maple 06/07/1999 0.120 0.328 0.328 0.244 0.244 
187 sort NA NA 06/16/1999 Maple 06/07/1999 0.201 0.398 0.398 0.043 0.043 
206l sort NA NA 06/16/1999 Maple 06/07/1999 0.160 0.135 0.135 0.147 0.147 
163 sort NA NA 06/1711999 Maple 06/07/1999 0.343 0.338 0.338 0.040 0.051 
266 sort NA NA 06/17/1999 Maole 06/07/1999 0.354 0.350 0.362 0.218 0.246 
284 sort NA NA 06/17/1999 Maple 06/07/1999 0.270 0.366 0.366 0.181 0.181 
293 sort NA NA 06/17/1999 Maple 06/07/1999 0.296 0.308 0.308 0.056 0.056 
232' sort NA NA 06/21/1999 Maole 06/07/1999 0.288 0.306 0.306 0.032 0.032 
254 sort NA NA 06/21/1999 Maple 06/07/1999 0.307 0.308 0.308 0.139 0.178 
287 sort NA NA 06/21/1999 Maole 06/07/1999 0.373 0.230 0.230 0.250 0.250 
308 sort NA NA 06/21/1999 Maple 06/07/1999 0.283 0.355 0.445 0.402 0.492 
310 sort NA NA 06/21 /1999 Maole 06/07/1999 0.354 0.213 0.213 0.189 0.189 
249 sort NA NA 06/29/1999 Maple 06/07/1999 0.269 0.440 0.440 0.247 0.247 
264 sort NA NA 06/29/1999 Maole 06/07/1999 0.279 0.576 0,576 0.069 0.069 
168 L. Term 06/07/1999 08/17/1999 08/19/1999 Maple 08/17/1999 0.256 0.332 0.332 0.261 0.261 
309 L. Term 06/07/1999 08/17/1999 08/1911999 Maple 08/17/1999 0.182 0.243 0.243 0.029 0.029 
275 L. Term 06107/1999 08/17/1999 08/20/1999 Maole 08/17/1999 0.290 0.470 0.470 0.056 0.056 
172 L. Term 06/07/1999 08/17/1999 08/23/1999 Maple 08/17/1999 0.217 0.398 0.398 0.017 0.017 
312 L. Term 06/07/1999 08/17/1999 08/23/1999 Maole 08/17/1999 0.174 0.338 0.338 0.071 0.071 
315 L. Term 06/07/1999 08/17/1999 08/23/1999 Maple 08/17/1999 0.211 0.323 0.323 0.115 0.115 
193 L. Term 06/07/1999 08/17/1999 08/24/1999 Maple 08/17/1999 0.126 0.167 0.167 0.037 0.037 
152 L. Term 06/07/1999 08/17/1999 08/25/1999 Maple 08/17/1999 0.225 0.372 0.372 0.032 0,032 
224 L. Term 06/07/1999 08/17/1999 08/25/1999 Maple 08/17/1999 0.242 0.303 0.303 0.148 0.148 
252 L. Term 06/07/1999 08/17/1999 08/25/1999 Maple 08/17/1999 0.208 0.305 0.305 0.151 0,151 
160 L. Term 06107/1999 08/17/1999 08/27/1999 Maple 08/17/1999 0.229 0.369 0.369 0.132 0.132 
185 L. Term 06/07/1999 08/17/1999 08/27/1999 Maple ·08/17/1999 0.195 0.363 0.363 0.109 0.109 
271 L. Term 06/07/1999 08/17/1999 08/27/1999 Maple 08/17/1999 0.221 0.249 0.249 0.014 0.014 
295 L. Term 06/07/1999 08/17/1999 08/27/1999 Maple 08/17/1999 0.175 0.393 0.393 0.209 0.209 
192 L. Term 06/07/1999 08/17/1999 08/29/1999 Maple 08/17/1999 0.174 0.240 0.240 0.170 0.170 
268 sort NA NA 08/19/1999 Maple 08/17/1999 0.172 0.355 0,355 0.043 0.043 
200 sort NA NA 08/20/1999 Maple 08/17/1999 0.160 0.393 0.393 0,065 0.065 
246 sort NA NA 08/23/1999 Maple 08/17/1999 0.194 0.461 0.461 0.064 0.064 
242 sort NA NA 08/25/1999 Maple 08/17/1999 0.158 0.352 0.352 0.097 0.097 
289 sort NA NA 08/25/1999 Maple 08/17/1999 0.116 0.394 0.394 0.020 0.020 
304 sort NA NA 08/25/1999 Maole 08/17/1999 0.175 0.455 0.455 0.105 0,105 
250 sort NA NA 08/27/1999 Maple 08/17/1999 0.242 0.377 0.377 0.090 0.090 
278 sort NA NA 08/27/1999 Maple 08/17/1999 0.169 0.293 0.293 0.101 0.101 
170 sort NA NA 08/29/1999 Maple 08/17/1999 0.175 0.472 0.472 0.089 0.089 
173 sort NA NA 08/29/1999 Maole 08/17/1999 0.267 0.292 0.292 0.017 0.017 
276 sort NA NA 08/29/1999 Maple 08/17/1999 0.250 0.424 0.424 0.280 0.280 
156 sort NA NA 08/30/1999 Maole 08/17/1999 0.185 0.408 0.408 0.294 0.294 
207 sort NA NA 08/30/1999 Maple 08/17/1999 0.186 0.295 0.295 0.094 0.094 
258 sort NA NA 08/30/1999 Maole 08/17/1999 0.119 0.411 0.411 0.063 0.063 
282 sort NA NA 08/30/1999 Maple 08/17/1999 0.129 0.268 0.268 0.002 0.002 
195 L.Term 06/07/1999 11/05/1999 11/06/1999 Maple 11/05/1999 0.139 0.244 0.244 0.043 0.043 
2 18 L. Term 06/07/1999 11/05/1999 11/06/1999 Maple 11/05/1999 0.148 0.233 0.233 0.047 0.047 
227 L. Term 06/07/1999 11/05/1999 11/06/1999 Maple 11/05/1999 0.151 0.22 0.22 0.021 0.021 
205 L. Term 06/07/1999 11/05/1999 11/07/1999 Maole 11/05/1999 0.231 0.333 0.333 0.02 0.02 
223 L. Term 06/07/1999 11 /05/1999 11/07/1999 Maple 11/05/1999 0.112 0.316 0.316 0.273 0.273 
175 L. Term 06/07/1999 11 /05/1999 11/09/1999 Maple 11/05/1999 0.091 0.207 0.207 0.048 0.048 
285 L. Term 06/07/1999 11/05/1999 11 /13/1999 · Maple 11/05/1999 0.137 0.41 0.41 0.056 0.056 
222 L. Term 06/07/1999 11105/1999 11/15/1999 Maple 11/05/1999 , 0.107 0.352 0.352 0 0 
159 L. Term 06/07/1999 11/05/1999 11/19/1999 Maple 1110511999 0.096 0.421 0.421 0.105 0.105 
238 L. Term 06/07/1999 11/05/1999 11/19/1999 Maple 11/05/1999 0.068 0.423 0.423 0.019 0.019 
215 L. Term 06/07/1999 11 /05/1999 11/23/1999 Maple 11/05/1999 0.087 0.285 0.285 0 0 
299 L. Term 06/07/1999 11/05/1999 11/23/1999 Maple 11/0511999 0.136 0.355 0.355 0 0 
217 L. Term 06/07/1999 11/05/1999 11/28/1999 Maole 11/05/1999 0.177 0.328 0.328 0.074 0.074 
186 L. Term 06/07/1999 11/05/1999 11/29/1999 Maple 11/05/1999 0.188 0.4 0.4 0.093 0.093 
283 L. Term 06/07/1999 11/05/1999 12/01/1999 Maple 11/05/1999 0.133 0.725 0.725 0.21 0.21 
162 S. Term 08117/1999 11/05/1999 11/06/1999 Maole 11/05/1999 0.136 0.703 0.703 0.022 0.022 
164 S. Term 08/1711999 11/05/1999 11/06/1999 Maple 11/05/1999 , 0.15 0.418 0.418 0.094 0.094 
208 S. Term 08/17/1999 11105/1999 11/06/1999 Maple 11/05/1999 0.124 0.35 0.35 0.093 0.093 
240 S. Term 08/17/1999 11/05/1999 11/10/1999 Maple 11/05/1999 0.251 0.49 0.49 0.065 0.065 
247 S. Term 08/17/1999 11/05/1999 11/12/1999 Maple 11/05/1999 0.212 0.545 0.545 0.148 0.148 
263 S. Term 08/17/1999 11/05/1999 11/13/1999 Maole 11/05/1999 0.195 0.612 0.612 0 0 
319 S. Term 08/17/1999 11/05/1999 11 /14/1999 Maple 11/05/1999 . 0.209 0.357 0.357 0.014 0.014 
231 S. Term 08/17/1999 11 /05/1999 11 /15/1999 Maole 1110511999 0.1 0.283 0.283 0.125 0.125 
290 S. Term 08/17/1999 11 /05/1999 11/15/1999 Maple 11/05/1999 0.121 0.428 0.428 0.04 0.04 
229 S. Term 08/17/1999 11/05/1999 11/19/1999 Maple 11/05/1999 0.147 0.68 0.68 0.043 0.043 
178 S. Term 08/17/1999 11105/1999 11/23/1999 Maole 11/05/1999 0.096 0.375 0.375 0.018 0.018 
219 S. Term 08/17/1999 11/05/1999 11 /23/1999 Maple 11/05/1999 0.12 0.391 0.391 0.137 0.137 
307 S. Term 08/17/1999 11 /05/1999 11/23/1999 Maple 11/05/1999 i 0.142 0.46 0.46 0.106 0.106 
255 S. Term 08/17/1999 11/05/1999 11/28/1999 Maple 11105/1999 0.292 0.424 0.424 0.035 0.035 
297 S. Term 08/17/1999 11/05/1999 11/28/1999 Maple , 11/05/1999 0.235 0.424 0.424 0.135 0.135 
235 sort NA NA 10/20/1999 Maple 11/05/1999 0.109 0.415 0.415 0.095 0.095 
291 sort NA NA 10/20/1999 Maple 11/05/1999 0.177 0.37 0.37 0.163 0.163 
302 sort NA NA 10/21/1999 Maple 11 /05/1999 0.11 0.397 0.397 0.057 0.057 
201 sort NA NA 10/25/1999 Maple 11/05/1999 0.148 0.411 0.411 0.022 0.022 
213 sort NA NA 10/25/1999 Maple 11 /05/1999 0.177 0.571 0.571 0.061 0.061 
269 sort NA NA 10/25/1999 Maple 11/05/1999 0.105 0.348 0.348 0.053 0.053 
251 sort NA NA 11/13/1999 Maple 11/05/1999 0.108 0.557 0.557 0.068 0.068 
259 sort NA NA 11/14/1999 Maple 11/05/1999 0.126 0.435 0.435 0.156 0.156 
157 sort NA NA 11 /19/1999 Macie 11/05/1999 0.106 0.305 0.305 0 0 
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294 sort NA NA 11/19/1999 Maple 11/05/1999 0.196 0.52 0.52 0.084 0.084 
165 sort NA NA 11/22/1999 Maple 11/05/1999 0.066 0.372 0.372 0.027 0.027 
272 sort NA NA 11/22/1999 Maple 11/05/1999 0.113 0.459 0.459 0.114 0 .114 
155 sort NA NA 11/23/1999 Maple 11/05/1999 0.122 0.526 0.526 0 0 
167 sort NA NA 11/23/1999 Maple 11 /05/1999 0.063 0.287 0.287 0.056 0.056 
280 sort NA NA 11/23/1999 Maple 11/05/1999 0.104 0.326 0.326 0.242 0.242 
211 L. Term 06/07/1999 03/15/2000 03/14/2000 Maple 03/15/2000 0.112 0.289 0.289 0 0 
190 L. Term 06/07/1999 03/15/2000 03/22/2000 Maple 03/15/2000 0.126 0.390 0.390 0.037 0.037 
203 L. Term 06/07/1999 03/15/2000 03/22/2000 Maple 03/15/2000 0.112 0.280 0.280 0.072 0.072 
176 L. Term 06/07/1999 03/15/2000 03/23/2000 Maple 03/15/2000 0.106 0.396 0.396 0.083 0.083 
197 L. Term 06/07/1999 03/15/2000 03/23/2000 Maple 03/15/2000 0.126 0.367 0.367 0.030 0.030 
153 L. Term 06/07/1999 03/15/2000 03/27/2000 Maple 03/15/2000 0.107 0.364 0.364 0.078 0.078 
204 L. Term 06/07/1999 03/15/2000 03/30/2000 Maple 03/15/2000 0.190 0.498 0.498 0 0 
281 L. Term 06/07/1999 03/15/2000 03/30/2000 Maple 03/15/2000 0.110 0.472 0.472 0.017 0.017 
194 L. Term 06/07/1999 03/15/2000 04/17/2000 Maple 03/15/2000 0.135 0.389 0.389 0.08 0.08 
221 L. Term 06/07/1999 03/15/2000 04/17/2000 Maple 03/15/2000 0.084 0.312 0.312 0.021 0.021 
236 L. Term 06/07/1999 03/15/2000 04/17/2000 Maple 03/15/2000 0.176 0.476 0.476 0.065 0.065 
248 L. Term 06/07/1999 03/15/2000 04/1712000 Maple 03/15/2000 0.100 0.276 0.276 0 0 
279 L. Term 06/07/1999 03/15/2000 04/17/2000 Maple 03/1512000 0.117 0.395 0.395 0.047 0.047 
298 S. Term 11 /05/1999 03/15/2000 03/14/2000 Maple 03/15/2000 0.107 0.465 0.465 0.173 0.173 
234 S. Term 11/05/1999 03/15/2000 03/22/2000 Maple 03/15/2000 0.099 0.393 0.393 0.061 0.061 
320 S. Term 11105/1999 03/15/2000 03/24/2000 Maple 03/15/2000 0.171 0.350 0.350 0.173 0.173 
296 S. Term 11/05/1999 03/15/2000 03/31 /2000 Maple 03/15/2000 0.136 0.535 0.535 0 0 
188 s. Term 11 /05/1999 03/15/2000 04/03/2000 Maple 03/15/2000 0.122 0.521 0.521 0.018 0.018 
161 S. Term 11 /05/1999 03/15/2000 04/0412000 Maple 03/15/2000 0.100 0.436 0.436 0.008 0.008 
243 S. Term 11/05/1999 03/15/2000 04/06/2000 Maple 0311512000 0.096 0.427 0.427 0.144 0.144 
253 S. Term 11/05/1999 03115/2000 04/07/2000 MaPle 0311512000 0.160 0.631 0.631 0.199 0.199 
257 S. Term 11/05/1999 03/15/2000 04/17/2000 Maple 03/1512000 0.102 0.347 0.347 0.041 0.041 
171 S. Term 11/05/1999 03/15/2000 04/18/2000 Maple 03/15/2000 0.103 0.368 0.368 0.016 0.016 
191 s. Term 11/05/1999 03/15/2000 04/18/2000 Maple 03/15/2000 0.082 0.422 0.422 0.031 0.031 
244 S. Term 11/05/1999 03/15/2000 04/18/2000 Maple 03/15/2000 0. 142 0.405 0.405 0 0 
311 S. Term 11/05/1999 03/15/2000 04/18/2000 MaPle 03/15/2000 0.112 0.41 8 0.418 0.091 0.091 
154 S. Term 11/05/1999 03115/2000 04/19/2000 Maple 03/15/2000 0.113 0.456 0.456 0.136 0.136 
288 S. Term 11 /05/1999 03/15/2000 07/18/2000 Maple 03/15/2000 0.149 0.435 0.435 0.079 0.079 
230 sort NA NA 02/16/2000 Maple 03/15/2000 0.082 0.558 0.558 0.079 0.079 
261 sort NA NA 02/16/2000 Maple 03115/2000 0.082 0.334 0.334 0.065 0.065 
30 1 sort NA NA 02/17/2000 Maple 03/15/2000 0.093 0.522 0.522 0.115 0.115 
166 sort NA NA 02/18/2000 Maple 03/15/2000 0.086 0.323 0.323 0.097 0.097 
214 sort NA NA 02/19/2000 Maple 03/15/2000 0.125 0.368 0.368 0.040 0.040 
233 sort NA NA 02/22/2000 Maple 03/15/2000 0.186 0.380 0.380 0.083 0.083 
273 sort NA NA 0212212000 Maple 03/15/2000 0.166 0.444 0.444 0.075 0.075 
303 -sort NA NA 02/23/2000 Maple 03/15/2000 0.114 0.562 0.562 0.098 0.098 
265 sort NA NA 02/24/2000 Maple 03/15/2000 I 0.130 0.356 0.356 0.100 0.100 
31 7 sort NA NA 02/29/2000 Maple 03/15/2000 0.119 0.498 0.498 0.027 0.027 
237 sort NA NA 03/03/2000 Maple 03115/2000 0.126 0.441 0.441 0.000 0.000 
270 sort NA NA 03/05/2000 Maple 03/15/2000 0.088 0.318 0.318 0.034 0.034 
184 L. Term 06/07/1999 06/07/2000 06/12/2000 Maple 06/07/2000 0.12 0.328 0.328 0 0 
189 L. Term 06/07/1999 06/07/2000 06/13/2000 Maple 06/0712000 0.112 0.293 0.293 0 0 
151 L. Term 06/07/1999 06/07/2000 06/14/2000 Maple 06/07/2000 0.098 0.252 0.252 0.05 0.05 
300 L. Term 06/07/1999 06/07/2000 06/15/2000 Maple 06/07/2000 0.107 0.389 0.389 0 0 
267 L. Term 06107/1999 06/07/2000 06/16/2000 Maple 06/07/2000 0.106 0.228 0.228 0.063 0.063 
158 L. Term 06/0711999 06/07/2000 06/20/2000 Maple 06/07/2000 0.15 0.349 0.349 0 0 
181 L. Term 06/07/1999 06/07/2000 06/20/2000 , Maple 06/07/2000 0.143 0.415 0.415 0.047 0.047 
305 L. Term 06/07/1999 06/07/2000 06121/2000 Maple 06/07/2000 0.135 0.399 0.399 0 0 
179 L. Term 06/07/1999 06/07/2000 06/2612000 Maple 06/07/2000 0.079 0.255 0.255 0.077 0.077 
196 L. Term 06/07/1999 06107/2000 06126/2000 Maple 06/07/2000 0 .109 0.319 0.319 0.01 0.01 
202 L. Term 06/07/1999 06/07/2000 06/27/2000 Maple 06/0712000 0.095 0.42 0.42 0.046 0.046 
198 L. Term 06/07/1999 06/07/2000 06/28/2000 Maple 06/07/2000 0.134 0.297 0.297 0.09 0.09 
313 L. Term 06/07/1999 06/07/2000 06/28/2000 Maple 06/07/2000 0.035 0.223 0.223 0.166 0.166 
210 L.Term 06/07/1999 06/07/2000 06/29/2000 Maple 06/07/2000 0.104 0.344 0.344 0.087 0.087 
174 S. Term 03/15/2000 06/07/2000 06/1212000 Maple 06/07/2000 0.085 0.248 0.248 0.095 0.095 
220 S. Term 03/15/2000 06/0712000 06/13/2000 Maple 06/07/2000 0.157 0.325 0.325 0.058 0.058 
256 S. Term 03/15/2000 06/07/2000 06/14/2000 Maple 06/07/2000 0.095 0.365 0.365 0.045 0.045 
228 S. Term 03/15/2000 06/07/2000 06/1512000 Maple 06/07/2000 0.106 0.407 0.407 0.063 0.063 
260 S. Term 03/15/2000 06/07/2000 06/16/2000 Maple 06/0712000 0.056 0.224 0.224 0 0 
274 S. Term 03/15/2000 06/07/2000 06/16/2000 Maple 06/07/2000 0.067 0.345 0.345 0 0 
286 S. Term 03/15/2000 06/07/2000 06/19/2000 Maple 06/07/2000 0.072 0.363 0.363 0.079 0.079 
316 S. Term 03/15/2000 06/07/2000 06/19/2000 Maple 06/07/2000 0.064 0.304 0.304 0.006 0.006 
262 S. Term 03/15/2000 06/07/2000 06/22/2000 Maple 06/07/2000 0.09 0.275 0.275 0.021 0.021 
180 S. Term 03/1512000 06/0712000 06/30/2000 Maple 06/07/2000 0.131 0.458 0.458 0 0 
241 S. Term 03/15/2000 06/07/2000 06/30/2000 Maple 06/07/2000 0.239 0.412 0.412 0.06 0.06 
21 2 sort NA NA 05/06/2000 Maple 06/07/2000 0.144 0.43 0.43 0 0 
23fl sort NA NA 05/2312000 Maple 06/07/2000 0.09 0.342 0.342 0.243 0.243 
292 sort NA NA 05/23/2000 Maple 06/07/2000 0.098 0.345 0.345 0.055 0.055 
306 sort NA NA 06/02/2000 Maple 06/07/2000 0.108 0.319 0.31 9 0.006 0.006 
277 sort NA NA 06/05/2000 Maple 06/0712000 0.078 0.403 0.403 0.071 0.071 
314 sort NA NA 06/05/2000 Maple 06/07/2000 0.087 0.401 0.401 0 0 
31 8 sort NA NA 06/05/2000 Maple 06/07/2000 0.067 0.293 0.293 0.113 0.113 
225 sort NA NA 06/06/2000 Maple 06/07/2000 0.137 0.374 0.374 0.233 0.233 
489 sort NA NA 08/19/1999 Wheat 08/17/1999 0.393 0.126 0.126 NA NA 
486 sort NA NA 08/20/1999 Wheat 08/17/1999 0.359 0.255 0.255 NA NA 
354 sort NA NA 08/23/1999 Wheal 08/17/1999 0.074 0.164 0.164 NA NA 
474 sort NA NA 08/24/1999 Wheat 08/17/1999 0.288 0.165 0.165 NA NA 
323 sort NA NA 08/2511999 Wheat 08/17/1999 0.206 0.113 0.113 NA NA 
363 sort NA NA 08/27/1999 Wheat 08/17/1999 0.209 0.186 0.186 NA NA 
402 sort NA NA 08/27/1999 Wheat 08/17/1999 0.259 0.142 0.142 NA NA 
326 sort NA NA 08/29/1999 Wheat 08/17/1999 0.179 0.100 0.100 NA NA 
480 sort NA NA 08/29/1999 Wheat 08/17/1999 0.160 0.123 0.123 NA NA 
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325 sort NA NA 08/30/1999 Wheat 08/17/1999 0.123 0.154 0.154 NA NA 
344 sort NA NA 08/30/1999 Wheat 08/17/1999 0.200 0.077 0.077 NA NA 
331 sort NA NA 08/31/1999 Wheat 08/17/1999 0.122 0.142 0.142 NA NA 
411 sort NA NA 08/31/1999 Wheat 08/17/1999 0.238 0.093 0.093 NA NA 
336 sort NA NA 09/01/1999 Wheat 08/17/1999 0.161 0.068 0.068 NA NA 
390 sort NA NA 09/01/1999 Wheat 08/17/1999 0.213 0.107 0.107 NA NA 
446 sort NA NA 09/16/1999 Wheat 08/17/1999 0.146 0.104 0.104 NA NA 
356 L. Term 08/17/1999 11/05/1999 11/06/1999 Wheat 11/05/1999 0.076 0.066 0.066 NA NA 
407 L. Term 08/17/1999 11/05/1999 11/06/1999 Wheat 11/05/1999 0.126 0.091 0.091 NA NA 
340 L. Term 08/17/1999 11/05/1999 11/10/1999 Wheat 11/05/1999 0.097 0.027 0.027 NA NA 
381 L. Term 08/17/1999 11/05/1999 11/10/1999 Wheat 11/05/1999 0.133 0.074 0.074 NA NA 
404 L. Term 08/17/1999 11/05/1999 11/12/1999 Wheat 11/05/1999 0.09 0.03 0.03 NA NA 
371 L. Term 08/17/1999 11/05/1999 11/13/1999 Wheat 11/05/1999 0.134 0.041 0.041 NA NA 
335 L. Term 08/17/1999 11/05/1999 11/20/1999 Wheat 11/05/1999 0.147 0.102 0.102 NA NA 
357 L. Term 08/17/1999 11/05/1999 11/20/1999 Wheat 11/05/1999 0.128 0.14 0.14 NA NA 
403 L. Term 08/17/1999 11/05/1999 11/20/1999 Wheat 11/05/1999 0.119 0.062 0.062 NA NA 
373 L. Term 08/17/1999 11/05/1999 11/21/1999 Wheat 11/05/1999 0.173 0.115 0.115 NA NA 
409 L. Term 08/17/1999 11/05/1999 11/21/1999 Wheat 11/05/1999 0.119 0.424 0.424 NA NA 
410 L. Term 08/17/1999 11/05/1999 11/28/1999 Wheat 11/05/1999 0.176 0.136 0.136 NA NA 
377 L. Term 08/17/1999 11/05/1999 11/29/1999 Wheat 11/05/1999 0.135 0.109 0.109 NA NA 
380 L. Term 08/17/1999 11/05/1999 11/29/1999 Wheat 11/05/1999 0.067 0.138 0.138 NA NA 
389 L. Term 08/17/1999 11/05/1999 11/29/1999 Wheat 11/05/1999 0.078 0.268 0.268 NA NA 
383 sort NA NA 10/25/1999 Wheat 11/05/1999 0.094 0.051 0.051 NA NA 
464 sort NA NA 10/25/1999 Wheat 11/05/1999 0.067 0.1 0.1 NA NA 
379 sort NA NA 11/13/1999 Wheat 11/05/1999 0.166 0.303 0.303 NA NA 
418 sort NA NA 11/13/1999 Wheat 11/05/1999 0.171 0.134 0.134 NA NA 
435 sort NA NA 11/13/1999 Wheat 11/05/1999 0.204 0.199 0.199 NA NA 
375 sort NA NA 11/14/1999 Wheat 11/05/1999 0.221 0.178 0.178 NA NA 
434 sort NA NA 11/14/1999 Wheat 11/05/1999 0.117 0.158 0.158 NA NA 
427 sort NA NA 11/20/1999 Wheat 11/05/1999 0.197 0.176 0.176 NA NA 
352 sort NA NA 11/21/1999 Wheat 11/05/1999 0.093 0.06 0.06 NA NA 
448 sort NA NA 11/21/1999 Wheat 11/05/1999 0.115 0.218 0.218 NA NA 
341 sort NA NA 11/22/1999 Wheat 11/05/1999 0.146 0.122 0.122 NA NA 
465 sort NA NA 11/22/1999 Wheat 11/05/1999 0.105 0.15 0.15 NA NA 
467 sort NA NA 11/22/1999 Wheat 11/05/1999 0.096 0.171 0.171 NA NA 
456 sort NA NA 12/01/1999 Wheat 11/05/1999 0.065 0.085 0.085 NA NA 
346 sort NA NA 12/02/1999 Wheat 11/05/1999 0.056 0.081 0.081 NA NA 
321 L. Term 08/17/1999 03/15/2000 03/16/2000 Wheat 03/15/2000 0.090 0.089 0.089 NA NA 
350 L. Term 08/17/1999 03/15/2000 03/16/2000 Wheat 03/15/2000 0.074 0.050 0.050 NA NA 
424 L. Term 08/17/1999 03/15/2000 03/16/2000 Wheat 03/15/2000 0.080 0.071 0.071 NA NA 
333 L. Term 08/17/1999 03/15/2000 03/17/2000 Wheat 03/15/2000 0.062 0.058 0.058 NA NA 
395 L. Term 08/17/1999 03/15/2000 03/23/2000 Wheat 03/15/2000 0.157 0.087 0.087 NA NA 
392 L. Term 08/17/1999 03/15/2000 03/24/2000 Wheat 03/15/2000 0.105 0.079 0.079 NA NA 
378 L. Term 08/17/1999 03/15/2000 03/27/2000 Wheat 03/15/2000 0.088 0.088 0.088 NA NA 
387 L. Term 08/17/1999 03/15/2000 03/28/2000 Wheat 03/15/2000 0.097 0.110 0.110 NA NA 
400 L. Term 08/17/1999 03/15/2000 03/28/2000 Wheat 03/15/2000 0.062 0.142 0.142 NA NA 
364 L. Term 08/17/1999 03/15/2000 04/12/2000 Wheat 03/15/2000 0.129 0.232 0.232 NA NA 
347 L. Term 08/17/1999 03/15/2000 04/13/2000 Wheat 03/15/2000 0.061 0.038 0.038 NA NA 
359 L. Term 08/17/1999 03/15/2000 04/13/2000 Wheat 03/15/2000 0.079 0.072 0.072 NA NA 
397 L. Term 08/17/1999 03/15/2000 04/13/2000 Wheat 03/15/2000 0.075 0.111 0.111 NA NA 
398 L. Term 08/17/1999 03/15/2000 04/14/2000 Wheat 03/15/2000 0.120 0.072 0.072 NA NA 
416 S. Term 11/05/1999 03/15/2000 03/20/2000 Wheat 03/15/2000 0.076 0.132 0.132 NA NA 
324 S. Term 11/05/1999 03/15/2000 03/21/2000 Wheat 03/15/2000 0.095 0.203 0.203 NA NA 
422 S. Term 11/05/1999 03/15/2000 03/21/2000 Wheat 03/15/2000 0.149 0.143 0.143 NA NA 
353 s. Term 11/05/1999 03/15/2000 04/03/2000 Wheat 03/15/2000 0.099 0.182 0.182 NA NA 
382 S. Term 11/05/1999 03/15/2000 04/04/2000 Wheat 03/15/2000 0.114 0.205 0.205 NA NA 
366 S. Term 11/05/1999 03/15/2000 04/06/2000 Wheat 03/15/2000 0.071 0.067 0.067 NA NA 
328 S. Term 11/05/1999 03/15/2000 04/07/2000 Wheat 03/15/2000 0.055 0.140 0.140 NA NA 
360 S. Term 11/05/1999 03/15/2000 04/15/2000 Wheat 03/15/2000 0.098 0.121 0.121 NA NA 
367 S.Term 11/05/1999 03/15/2000 04/15/2000 Wheat 03/15/2000 0.090 0.127 0.127 NA NA 
338 S. Term 11/05/1999 03/15/2000 04/16/2000 Wheat 03/15/2000 0.074 0.147 0.147 NA NA 
391 S. Term 11/05/1999 03/15/2000 04/16/2000 Wheat 03/15/2000 0.061 0.096 0.096 NA NA 
399 S. Term 11/05/1999 03/15/2000 04/16/2000 Wheat 03/15/2000 0.147 0.106 0.106 NA NA 
421 S. Term 11/05/1999 03/15/2000 04/16/2000 Wheat 03/15/2000 0.089 0.086 0.086 NA NA 
372 S. Term 11/05/1999 03/15/2000 04/19/2000 Wheat 03/15/2000 0.092 0.070 0.070 NA NA 
369 sort NA NA 02/18/2000 Wheat 03/15/2000 0.085 0.056 0.056 NA NA 
412 sort NA NA 02/19/2000 Wheat 03/15/2000 0.111 0.245 0.245 NA NA 
423 sort NA NA 02/20/2000 Wheat 03/15/2000 0.054 0.071 0.071 NA NA 
419 sort NA NA 02/21/2000 Wheat 03/15/2000 0.054 0.083 0.083 NA NA 
345 sort NA NA 02/23/2000 Wheat 03/15/2000 0.083 0.038 0.038 NA NA 
327 sort NA NA 03/01/2000 Wheat 03/15/2000 0.053 0.058 0.058 NA NA 
490 sort NA NA 03/01/2000 Wheat 03/15/2000 0.057 0.104 0.104 NA NA 
368 sort NA NA 03/05/2000 Wheat 03/15/2000 0.071 0.102 0.102 NA NA 
436 sort NA NA 03/05/2000 Wheat 03/15/2000 0.066 0.051 0.051 NA NA 
401 sort NA NA 03/07/2000 Wheat 03/15/2000 0.068 0.087 0.087 NA NA 
384 sort NA NA 03/10/2000 Wheat 03/15/2000 0.063 0.162 0.162 NA NA 
374 sort NA NA 03/12/2000 Wheat 03/15/2000 0.071 0.048 0.048 NA NA 
453 sort NA NA 03/12/2000 Wheat 03/15/2000 0.095 0.111 0.111 NA NA 
444 sort NA NA 03/13/2000 Wheat 03/15/2000 0.046 0.123 0.123 NA NA 
488 sort NA NA 03/14/2000 Wheat 03/15/2000 0.102 0.031 0.031 NA NA 
329 L. Term 08/17/1999 06/07/2000 06/12/2000 Wheat 06/07/2000 0.058 0.028 0.028 NA NA 
332 L. Term 08/17/1999 06/07/2000 06/12/2000 Wheat 06/07/2000 0.065 0.023 0.023 NA NA 
394 L. Term 08/17/1999 06/07/2000 06/13/2000 Wheat 06/07/2000 0.087 0.045 0.045 NA NA 
348 L. Term 08/17/1999 06/07/2000 06/14/2000 Wheat 06/07/2000 0.076 0.033 0.033 NA NA 
358 L. Term 08/17/1999 06/07/2000 06/19/2000 Wheat 06/07/2000 0.085 0.041 0.041 NA NA 
370 L. Term 08/17/1999 06/07/2000 06/19/2000 Wheat 06/07/2000 0.166 0.062 0.062 NA NA 
426 L. Term 08/17/1999 06/07/2000 06/19/2000 Wheat 06/07/2000 0.056 0.032 0.032 NA NA 
322 L. Term 08/17/1999 06/07/2000 06/26/2000 Wheat 06/07/2000 0.092 0.094 0.094 NA NA 
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330 L. Tern, 08/17/1999 06/07/2000 06/26/2000 Wheat 06/07/2000 0.048 0.021 0.021 NA NA --
414 L. Tern, 08117/1999 06/07/2000 06/26/2000 Wheat 06/07/2000 0.107 0.076 0.076 NA NA 
355 L. Tern, 08/17/1999 06/07/2000 07/03/2000 Wheat 06/0712000 0.05 0.013 0.013jNA NA 
385 L. Tern, 08/17/1999 06/07/2000 07/03/2000 Wheat 06/07/2000 0.085 0.019 0.019!NA NA 
413 L. Term 08/17/1999 06/07/2000 07/03/2000 Wheat 06/07/2000 0.08 0.024 0.024 NA NA 
442 S. Tern, 03/15/2000 06/0712000 06/09/2000 Wheat 06/07/2000 0.08 0.035 0.035 NA NA 
472 S. Tern, 03/15/2000 06/0712000 06/13/2000 • Wheat 06/07/2000 0.067 0.03 0.03 NA NA 
,_ 445 S. Tern, 03/15/2000 06/07/2000 06/14/2000 Wheat 06/07/2000 0.063 0.029 0.029 NA NA 
429 S. Tern, 03/15/2000 06/07/2000 06/19/2000 Wheat 06/07/2000 0.103 0.088 0.088 NA NA 
430 S. Tern, 03/15/2000 06/0712000 06/23/2000 Wheat 06/07/2000 0.082 0.024 0.024 NA NA 
449 S. Term 03/1512000 06/0712000 06/23/2000 Wheat 06/0712000 0.052 0.061 0.061 NA NA 
460 S. Term 03/1512000 06/07/2000 06/23/2000 Wheat 06/07/2000 0.058 0.031 0.031 NA NA 
454 S. Term 03/15/2000 06/07/2000 06/30/2000 Wheat 06/07/2000 0.045 0.03 0.03 NA NA 
466 S. Term 03/15/2000 06/07/2000 06/30/2000 Wheat 06/07/2000 0.071 0.015 O.G15 NA NA 
441 S. Tern, 03/15/2000 06/07/2000 07/05/2000 Wheat 06/07/2000 0.033 0.044 0.044 NA NA 
443 S. Tern, 03/15/2000 06/07/2000 07/05/2000 Wheat 06/07/2000 0.048 0.034 0.034 NA NA 
455 S. Tern, 03/15/2000 06/07/2000 07/0512000 Wheat 06/07/2000 0.04 0.028 0.028 NA NA 
469 S. Tern, 03/15/2000 06/07/2000 07/07/2000 Wheat 06/07/2000 0.046 0.01 0.01 NA NA 
459 S. Term 03/15/2000 06/07/2000 07/08/2000 Wheat 06/07/2000 0.079 0.035 0.035 NA NA 
396 sort NA NA 0512412000 Wheat i 06/07/2000 0.072 0.126 0.126 NA NA 
452 sort NA NA 05/2512000 Wheat i 06/07/2000 0.068 0.064 0.064 NA NA 
458 sort NA NA 05/26/2000 Wheat 06/07/2000 0.117 0.054 0.054 NA NA 
388 sort NA NA 05130/2000 Wheat 06/0712000 0.097 0.048 0.048 NA NA 
468 sort NA NA 05/30/2000 Wheat 06/0712000 0.091 0.055 0.055 NA NA 
478 sort NA NA 0513012000 Wheat 06/07/2000 0.097 0.067 0.067 NA NA 
428 sort NA NA 05/31/2000 Wheat 06/07/2000 0.093 0.037 0.037 NA NA 
461 sort NA NA 05131/2000 Wheat 06/07/2000 0.07 0.097 0.097 NA NA 
432 sort NA NA 06/01/2000 Wheat 06/0712000 • 0.094 0.089 0.089 NA NA 
420 sort NA NA 06/0212000 Wheat 06/07/2000 0.095 0.079 0.079 NA NA 
471 sort NA NA 06/06/2000 Wheat 06/0712000 0.057 0.046 0.046 NA NA 
475 sort NA NA 06/06/2000 Wheat 06/07/2000 0.061 0.07 0.07 NA NA 
473 L. Term 08116/1999 08/16/2000 08/21/2000 Wheat 08/1612000 0.087 0.021 0.021 NA NA 
481 L. Tern, 08/16/1999 08/16/2000 08/21/2000 Wheat 08116/2000 0.042 0.028 0.028 NA NA ~--
440 L. Term 08/16/1999 08/16/2000 08/28/2000 Wheat 08/1612000 0.063 0.012 0.012 NA NA 
431 L. Tern, 08/16/1999 08/16/2000 08/29/2000 Wheat i 08/16/2000 0.068 0.043 0.043! NA NA 
479 L. Tern, 08/16/1999 08/16/2000 08/29/2000 Wheat 08/1612000 0.02 0.008 0.008 NA NA 
-484 L. Tern, 08/16/1999 08/16/2000 08/2912000 Wheat 08/16/2000 0.078 0.043 0.043 NA NA 
463 L. Tern, 08/16/1999 08/16/2000 09/05/2000 Wheat 08/16/2000 0.022 0.005 0.0051 NA NA 
438 L. Tern, 08/16/1999 08/1612000 09/07/2000 Wheat 08/16/2000 0.053 0.025 0.025 NA NA 
477 L. Tern, 08/16/1999 08/16/2000 09/07/2000 Wheat 08/16/2000 0.07 0.056 0.056 NA NA 
405 S. Tern, 06/07/2000 08/16/2000 08/2212000 Wheat 08/1612000 0.121 0.051 0.051 NA NA 
337 S. Term 06/07/2000 08/16/2000 08/23/2000 Wheat 08/1612000 0.073 0.017 0.017 NA NA 
349 S. Term 06/0712000 08/16/2000 08/28/2000 Wheat 08/16/2000 0.038 0.005 0.005 NA NA 
386 S. Term 06/0712000. 08/1612000 08/31/2000 Wheat 08/16/2000 0.058 0.037 0.037 NA NA 
393 S. Term 06/07/2000 08/1612000 08/31/2000 Wheat 08/16/2000 0.033 0.021 0.021 NA NA 
415 S. Term 06/07/2000 08/16/2000 08/31/2000 Wheat 08/16/2000 0.08 0.046 0.046 NA NA 
343 S. Term 06/07/2000 08/16/2000 09/01/2000 Wheat 08/16/2000 0.066 0.033 0.033 NA NA 
351 S. Tern, 06/0712000 08/16/2000 09/01/2000 Wheat 08/16/2000 0.052 0.011 0.011 NA NA 
417 S. Tern, 06/07/2000 08/16/2000 09/0112000 Wheat 08/16/2000 0.093 0.038 0.038 NA NA 
376 S. Tern, 06/0712000 08/1612000 09/11/2000 Wheat 08/16/2000 0.025 0.016 0.016 NA NA 
487 1S. Term 06/0712000 08/16/2000 09/11/2000 Wheat : 08/16/2000 0.039 0.063 0.063 NA NA 
406 1sort NA NA 07131/2000 Wheat i 08/16/2000 0.065 0.107 0.107 NA NA 
433 sort NA NA 07/31/2000 Wheat 08/1612000 0.061 0.063 0.063 NA NA 
482 ~-- sort NA NA 08/0112000 Wheat 0811612000 0.055 0.067 0.067 NA NA 
483 sort ·NA NA 08/01/2000 Wheat 08/16/2000 0.056 0.043 0.043 NA NA 
450 sort NA NA 08/0212000 Wheat 08/16/2000 0.032 0.022 0.022 NA NA 
470 sort NA NA 08/0212000 Wheat 08/1612000 0.042 0.07 0.07 NA NA 
485 sort NA NA 08/04/2000 Wheat 08/16/2000 0.085 0.03 0.03 NA NA ~--
491 sort NA NA 08/04/2000 Wheat 08/1612000 0.087 0.022 0.022 NA NA 
339 sort NA NA 08/07/2000 Wheat 08/1612000 0.054 0.017 0.017 NA NA 
342 sort NA NA 08/07/2000 Wheat 08/16/2000 0.051 0.011 0.011 NA NA 
-------:fu2 sort NA NA 08/08/2000 Wheat 08/1612000 0.122 0.087 0.087 NA NA 
76 
65 Cwt Based 65 Cwt Based 65 Cwt Based 65 Cwt Based 
From R.airoven: From R.airoven: -ram R.airoven: From R.airoven: 
Roots Coarse >2mm Fine Coarse Total Fine Total Coarse AFD Total AFD Total AFD Total AFD Total 
Core# >2.0 mm Root Root Unknown Unknown Root Mass Root Mass: Fine Root "Fine" Root Coarse Root Coarse Root Mass: 
Diam Length Length Root Mass Root Mass /not>2mm) Length Ratio Mass (not>2mml Mass (no>1 .0mm Mass Lenoth Ratio 
Mass (Q ) (cm) (cm) (g) (g) (g) (g/cm) (g) /al (g) (g/cm) 
55 0.226 46 38.9 NA NA 0.406 0.002 0.371 0.267 0.105 0.002 
142 0 5.7 0 NA NA 0.174 0.002 0.158 0.146 0.011 0.002 
145 0.136 32.4 14.5 NA NA 0.412 0.002 0,374 0.327 0.047 0.001 
42 0 .237 78.3 37.5 NA NA 0.559 0.003 0,513 0.325 0.189 0.002 
137 0.03 40.2 4.3 NA NA 0.519 0.004 0.475 0.326 0.149 0.004 
128 0.199 39.1 27 NA NA 0.6 0.003 0.547 0.447 0.100 0.003 
131 0.04 24.2 6.4 NA NA 0.46 0.004 0.420 0.331 0.089 0.004 
499 0.246 10.6 19.1 NA NA 0,537 0.003 0.487 0.459 0.027 0.003 
501 0 5.4 0 NA NA 0.332 0.003 0.301 0.287 0.014 0.003 
504 0 3.2 0 NA NA 0.288 0.003 0.261 0.251 0.009 0.003 
140 0 0 0 NA NA 0.324 #DIV/0! 0.293 0.293 0.000 #DIV/0! 
495 0 0 0 NA NA 0.323 #DIV/0! 0.292 0.292 0.000 #DIV/01 
90 0 16.9 0 NA NA 0.385 0.003 0.350 0.299 0.051 0.003 
129 0.152 39.6 22.5 NA NA 0,532 0.003 0.486 0.371 0.11 5 0.003 
41 0.068 22.8 7.8 NA NA 0.288 0.003 0.263 0.193 0.071 0.003 
70 0.401 24.6 39.2 NA NA 0.427 0.002 0.388 0.332 0.057 0.002 
84 0 0 0 NA NA 0.218 #DIV/0! 0.197 0.1 97 0.000 #DIV/0! 
94 0.012 6.9 3.0 NA NA 0.253 0.003 0.230 0.210 0.020 0.003 
100 0.026 11.7 6.2 NA NA 0.266 0.003 0.242 0.212 0.030 0.003 
117.000 0.022 9.1 4.4 NA NA 0.295 0.002 0.267 0.249 0.019 0.002 
12 0.274 26.2 42.2 NA NA 0.336 0.002 0.306 0.256 0.050 0.002 
9 0.338 42.6 35.0 NA NA 0.518 0.002 0.472 0.373 0.099 0.002 
143 0 0 0 NA NA 0.19 #DIV/01 0.172 0.172 0.000 #DIV/0! 
147 0 9.1 0 NA NA 0.238 0.002 0.216 0.1 95 0.021 0.002 
27 0.038 17.4 10.0 NA NA 0.264 0.003 0.240 0.199 0.042 0.002 
111 0.108 28.9 23.3 NA NA 0.322 0.003 0.294 0.224 0.070 0.002 
13 0.178 26.3 26.8 NA NA 0.356 0.003 0.325 0.256 0.069 0.003 
107 0 0 0 NA NA 0.173 #DIV/0! 0.156 0.156 0.000 #DIV/0! 
136 0 0 0 NA NA 0.198 #DIV/0! 0.179 0.179 0.000 #DIV/0! 
127 0.041 6.2 8.5 NA NA 0.238 0.005 0.217 0.184 0.032 0.005 
144 0.050 0 7.2 NA NA 0.26 #DIV/0! 0.235 0.235 0.000 #DIV/0! 
81 0.089 9.8 12.6 NA NA 0.347 0.003 0.315 0.288 0.026 0.003 
33 0.028 8.8 4.7 NA NA 0.313 0.002 0.284 0.264 0.020 0.002 
87 0.098 18.9 10.4 NA NA 0.323 0.004 0.295 0.228 0.067 0.004 
61 0.524 17.5 69.6 NA NA 0.337 0.002 0.306 0.274 0.032 0.002 
10 0.037 33.2 4.1 NA NA 0.393 0.004 0.360 0.249 0.110 0.003 
105 0 26.7 0 NA NA 0.319 0.003 0.292 0.211 0.081 0.003 
78 0. 164 37.6 27.1 NA NA 0.404 0.002 0.369 0.289 0.079 0.002 
135 0.143 16.7 23.7 NA NA 0.329 0.002 0.299 0.264 0.035 0.002 
83 0.055 19.2 13.6 NA NA 0.292 0.002 0.266 0.224 0.042 0.002 
102 0 0 0 NA NA 0.19 #DIV/0! 0.172 0.172 0.000 #DIV/0! 
110 0.023 13.4 5.8 NA NA 0.281 0.002 0.255 0.228 0.027 0.002 
89 0.273 21.2 43.2 NA NA 0.345 0.002 0.314 0.268 , 0.046 0.002 
43 0 5.0 0 NA NA 0.226 0.002 0.205 0.194 0.010 0.002 
106 0 11.6 0 NA NA 0.257 0.002 0.233 0.209 0.025 0.002 
76 0.092 11 .6 15.9 NA NA 0.215 0.002 0.195 0.175 0.020 0.002 
31 0.107 11.9 18.3 NA NA 0.236 0.003 0.215 0.181 0.034 0.003 
59 0.027 7.1 3.8 NA NA 0.19 0.003 0.173 0.151 0.022 0.003 
14 0.027 12.7 5.2 NA NA 0.192 0.003 0.175 0.144 0.031 0.002 
45 0.116 24.3 22.2 NA NA 0.356 0.003 0.325 0.259 0.065 0.003 
56 0.042 4.4 10.1 NA NA 0.246 0.003 0.223 0.211 0.012 0.003 
96 0.018 24.6 5.3 NA NA 0.22 0.002 0.201 0.155 0.045 0.002 
80 0.172 25.1 25.8 NA NA 0.31 0.003 0.283 0.222 0.060 0.002 
88 0.039 11.2 7.6 NA NA 0.311 0.006 0.284 0.222 0.061 0.005 
148 0.009 16.2 2.1 NA NA 0.169 0.003 0.154 0.116 0.039 0.002 
47 0.049 8 4.6 NA NA 0.298 0.002 0.270 0.257 0.01 3 0.002 
53 0.062 7.5 12.5 NA NA 0.23 0.003 0.209 0.187 0.022 0.003 
6 0.245 26.6 24.7 NA NA 0.387 0.003 0.353 0.275 0.078 0.003 
54 0.078 37.1 12.7 NA NA 0.316 0.003 0.290 0.186 0.104 0.003 
92 0 6.8 0 NA NA 0,127 0.002 0.115 0.100 0.015 0.002 
99 0.126 21 .9 18.6 NA NA 0.275 0.002 0.250 0.214 0.036 0.002 
24 0.02 18.2 6.3 NA NA 0.202 0.002 0.184 0.152 0.032 0.002 
8 0 0 0 NA NA 0.133 #DIV/0! 0.120 0.120 0.000 #DIV/0! 
48 0.148 43.6 26.5 NA NA 0.367 0.003 0.337 0.222 0.114 0.003 
39 0 9.1 o NA NA 0.232 0.004 0.211 0.177 0.034 0.004 
112 0 1.9 0 NA NA 0.152 0.005 0.138 0.128 0.009 0.005 
30 0 5.9 0 NA NA 0.1 0.002 0.091 0.081 0.009 0.002 
85 0.069 13.5 11 .9 NA NA 0,215 0.004 0.196 0.146 0.050 0.004 
5 0.185 14.4 23.9 NA NA 0.311 0.003 0.283 0.240 0.043 0.003 
4 0.039 6.8 4.1 NA NA 0.182 0.003 0.165 0.146 0.019 0.003 
1 0 12.2 0 NA NA 0.165 0.003 0.150 0.119 0.031 0.003 
74 0 9.9 0 NA NA 0.202 0.002 0.183 0.167 0.016 0.002 
38 0.124 30.8 17.5 NA NA 0.49 0.003 0.447 0.349 0.098 0.003 
77 
79 0.006 9.4 1.9 NA NA 0.215 0.002 0.195 0.1761 0.019 0.002 
98 0.141 0 5.3 NA NA 0.178 #DIV/0! 0.161 0.161 0.000 #DIV/0! 
---· -- - - ----
123 0 5.3 0 NA NA 0.161 0.002 0.146 0.137 0.009 0.002 
18 0.088 15.4 18.5 NA NA 0.243 0.003 0.221 0.184 0.037 0.002 
95 0.037 8.9 5.7 NA NA 0.245 0.002 0.222 0.202 0.020 0.002 
149 0.02 21.6 4.2 NA NAi 0.312 0.003 0.285 0.223 0.061 0.003 .. 
72 0.08 6.9 3.3 NA NA 0.172 0.002 0.156 0.146 0.010 0.002 
67 0 0 0 NA NA 0.103 #DIV/0! 0.093 0.093 0.000 #DIV/0! 
122 0.071 14.8 11.9 NA NA 0.189 0.003 0.172 0.137 0.036 0.002 
37 0.051 16.3 6.1 NA NA 0.421 0.003 0.382 0.338 0.044 0.003 
507 0.024 8.9 6.4 NA NA 0.288 0.003 0.261 0.238 0.024 0.003 
32 0 2.4 0 NA NA 0.155 0.001 0.140 0.137 0.003 0.001 
125 0.036 26.7 8.2 NA NA 0.283 0.002 0.258 0.202 0.057 0.002 
509 0.104 30.3 14.6 NA NA 0.309 0.002 0.282 0.214 0.068 0.002 
29 0.023i 7.8 5.7 NA NA 0.15 0.003 0.136555541 0.113901024 0.022654517 0.002904425 
2 O! 0 0 NA NA 0.103 #DIV/0! 0.093109567 0.093109567 0 #DIV/DI 
65 0.029, 28.6 8.4 NA NA 0.225 0.003 0.206311898 0.13740441 0.068907489 0.002409353 
__ 86_ _DJ)~ 20.8 7.9 NA NA 0.309 0.003 0.281566563 0.228706024 0.052860539 0.002541372 ------~- --~--~ i------
138 0.029 14.9 6.8 NA NA 0.182 0.002 0.165842441 0.134692481 0.031149961 0.002090601 
73 0 9.7 0 NA NA 0.142 0.003 0.129563501 0.101245355 0.028318146 0.002919396 
f----
133 0.042 13.6 9.1 l NA NA 0.172 0.002 0.156522945 0.131980551 0.024542393 0.001804588 
141 0 16.7 0 NA NA 0.216 0.002 0.196897333 0.158195867 0.038701466 0.002317453 
11 0.054 19.6 16.5 NA NA 0.204 0.002 0.186289387 0.141924292 0.044365095 0.002263525 
103 0.016 11.1 4 NA NA 0.116 0.002 0.105820344 0.083165827 0.022654517 0.002040947 
3 0.097 46.9 18.2 NA NA 0.401 0.003 0.368928381 0.216954331 0.15197405 0.003240385 
101, 0.043 10.4 7.8 NA NA 0.182 0.003 0.165642632 0.139212363 0.02643027 0.002541372 --- --- -----
146' 0.278 26.3 48.4 NA NA 0.292 0.003 0.267277934 0.188931063 0.078346871 0.002978968 
17' 0.005 8.4 0.6 NA NA 0.144 0.002 0.130692102 0. 118420906 0.012271197 0.001460857 
35 0.005 10.9 1.1 NA NA 0.109 0.002 0.099572433 0.07503004 0.024542393 0.002251596 
50 0 0 0 NA NA 0.119 #DIV/0! 0.107573189 0.107573189 0 #DIV/0! 
19 0 3.3 0 NA NA 0.122 0.002 0.110484927 0. 105765236 0.004719691 0.001430209 ,..--------~-----
69 0.042 0 3.2 NA NA 0.097 #DIV/0! 0.087685709 0.087685709 0 #DIV/0! --
114 0.009 25.8 3.6 NA NA 0.207 0.003 0.190080285 0.120228859 0.069851427 0.00270742 
91 0.083 26.1 15.9 NA NA 0.212 0.002 o. 193481236 0.150060079 0.043421157 0.001663646 
68 0.042 29.4 15 NA NA 0.207 0.002 0.189121202 0.141924292 0.04719691 0.001605337 
25 0 3 0 NA NA 0.088 0.001 0.079629845 0.0777 41969 0.001887876 0.000629292 
28 0 3.2 0 NA NA 0.114 0.001 0.103213155 0.099437402 0.003775753 0.001179923 
22 0.05 11.7 7.8 NA NA 0.285 0.005 0.25987113 0.207010591 0.052860539 0.004517995 
75 0.029 8.2 6.7 NA NA 0.226 0.002 0.205097898 0.186219134 0.018878764 0.002302288 --
23 0.046 9.6 6.8 NA NA 0.118 0.001 0.107228678 0.094013544 0.013215135 0.001376577 ---- 26 0 0.6 0 NA NA 0.117 0.002 0.105805198 0.10486126 0.000943938 0.00157323 
58 0.005 15.3 2.5 NA NA 0.198 0.002 0.180146216 0.152772008 0.027374208 0.001789164 
46 0 15.8 0 NA NA 0.239 0.003 0.21792856 0.173563465 0.044365095 0.002807917 
77 0 10.3 0 NA NA· 0.273 0.003 0.247864521 0.222378189 0.025486331 0.002474401 
57 0.033 29.9 5.4 NA NA 0.388 0.003 0,353899819 0.279328701 0.074571118 0.002494017 
34 0.157 57.5 30.6 NA NA 0.421 0.003 0.387327604 0.227802048 0.159525556 0.002774357 
60 0.024 12.8 4.3 NA NA 0.293 0.002 0.266103896 0.236841812 0.029262084 0.0022861 
15 0.026 9.7 3.6 NA NA 0.169 0.002 0.153651168 0 .132884528 0.02076664 0.002140891 
49 0 22.1 0 NA NA 0.182 0.003 0.167201143 0.103957284 0.063243859 0.002861713 
71 0.064 12.1 8.9 NA NA 0.233 0.003 0.212185008 0.175371418 0.03681359 0.003042445 
21 0 17.91 0 NA NA 0.181 0.002 0.162266498 0.130172599 0.032093899 0.001792955 
7 0 13.9 0 NA NA 0.242 0.002 0.2200011 0.190739016 0.029262084 0,002105186 
64 0.136 12.7 20.7 NA NA 0.287 0.004 0.261319427 0.216954331 0.044365095 0.003493315 
36 0.01 10.8 1.1 NA NA 0.227 0.002 0.206 0.183 0.024 0.002 
82 0.064 28.2 12.1 NA NA 0.276 0.003 0.253 0.177 0.076 0.003 
97 0.013 8.7 1.5 NA NA 0.248 0.002 0.225 0.209 0.016 0.002 
108 0.123 29.3 20.1 i NA NA 0.346! 0.003 0.317 0.226 0.091 0.003 
119 0.1 43 17.9, NAI NA 0.336 0.002 0.308 0.212 0.096 0.002 
120 0.069 35.5 15.3 NA NA 0.417, 0.003 0.381 0.287 0.093 0.003 
113 0 9.5 0 NA NA 0.317! 0.003 0.288 0.263 0.025 0.003 
150 0 14 0 NA NA 0.219 0.002 0.199 0.168 0.031 0.002 
493 0.116 17.9 19.7 NA NA 0.276 0.003 0.252 0.202 0.050 0.003 
498 0.087 25.8 19.2 NA NA 0.243 0.002 0.222 0.177 0.044 0.002 
500• 0 5.6 0 NA NA 0.183 0.002 0.166 0.157 0.008 0.002 
20 0 9.6 0 NA NA 0.145 0.002 0.132 0.113 0.019 0.002 
51 0.004 6.1 3.3 NA NA 0.112 0.002 0.102 0.089 0.012 0.002 
63 0.007 13 1.3 NA NA 0.185 0.003 0.169 0.137 0.031 0.002 --~--
104 0.007 9.7 1.2 NA NA 0.185 0.002 0.168 0.148 0.020 0.002 
109 0.049 7.1 5.2 NA NA 0.103 0.002 0.094 0.083 0.010 0.001 
116 0.105 21 15.7 NA NA 0.224 0.003 0.205 0.153 0.052 0.002 
130 0.012 9.4 3.7 NA NA 0.148 0.002 0.134 0.118 0.016 0.002 
132 ··-0.01 35.8 3.9 NA NA 0.194 0.002 0.178 0.111 0.067 0.002 
134 0.006 2.9 3 NA NA 0.085 0.002 0.077 0.071 0.007 0.002 
497 0.004 4.8 2.2 NA NA 0.078 0.002 0,071 0.063 0.008 0.002 
503 0.043 29.2 13.6 NA NA 0.293 0.002 0.267 0.219 0.048 0.002 
505 0.01 12.8 2.4 NA NA 0.149 0.002 0.136 0.114 0.022 0.002 
506 0.044 16.7 13.4 NA NA 0.213 0.002 0.194 0.164 0.030 0.002 
510 0 5.3 0 NA NA 0.101 0.002 0.092 0.081 0.010 0.002 
52 0.072 14.9 19.1 NA NA 0.264 0.001 0.240 0.219 0.021 0.001 
66 0.015 11.9 3.2 NA NA 0.205 0.002 0.186 0.162 0.025 0.002 
118 0 0 0 NA NA 0.168 #DIV/0! 0.152 0.152 0.000 #DIV/0! 
124 0.129 23.6 24.5 NA NAI 0.313 0.003 0.286 0.220 0.066 0.003 
126 0 9.2 0 NA NA 0.192 0.002 0.174 0.155 0.020 0.002 
139 0.061 4 5.9 NA NA 0.088 0.002 0.080 0.073 0,007 0.002 
492 0 13.2 0 NA NA 0.186 0.002 0.169 0.143 0.026 0.002 
494 0.005 6.5 2.1 NA NA 0.125 0.002 0.113 0.104 0.009 0.001 
496 0 6.6 0 NA NA 0.175 0.002 0.159 0.147 0.011 0.002 
- 508 0.035 7.9 8.6 NA NA 0.174 0.002 0.158 0.146 0.011 0.001 
78 
511 0.012 27.1 3.6 NA NA 0.175 0.002 0.160 0.111 0.049 0.002 
5121 0.029 25 12.5 NA NA 0.205 0.002 0.187 0.137 0.050 0.002 -· 169.ooo· 0.000 10.1 0.0 0.000 0.000 o:S-i4 0.006 0.530 0.479 0.051 0.005 
199.000i 0.313 15.7 6.3 0.000 0.000 0.730 0.003 0.6294 0.5868 0.0426 0.0027 
209.0001 0.000 21.5 0.0 0.000 0.000 0.649 0.008 0.5661 0.4038 0.1623 0.0075 
216.000i 0.000 38.7 0.0 0.000 0.000 0.692 0.006 0.6062 0.3849 0.2213 0.0057 -
187.0001 0.216 16.4 5.9 0.000 0.000 0.642 0.003 0.5536 0.5146 0.0390 0.0024 
206.0001 0.000 13.2 0.0 0.000 0.000 0.442 0.011 0.3868 0.2535 0.1333 0.0101 
163.000 I 0.000. 11.0 0.0 0.000 0.011 0.732 0.005 0,631 0.585 0.046 0.004 
266.0001 0.0001 46.9 0.0 0.012 0.028 0.962 0.005 0.8382 0.6152 0.2231 0.0048 
284.000 0.362 47.6 6.1 0.000 0.000 0.817 0.004 0.7106 0.5464 0.1641 0.0034 
293.000 0.114 10.8 4.7 0.000 0.000 0.660 0.005 0.5697 0.5189 0.0508 0.0047 
232.000 0.000 8.9 0.0 0.000 0.000 0.626 0,004 0.5394 0.5104 0.0290 0.0033 
254.000 0.000 20.9 0.0 0.000 0.039 0.793 0.009 0.6898 0.5284 0.1614 0.0077 
287.000 0.000 21.0 0.0 0.000 0.000 0.853 0.012 0.7448 0.5181 0.2267 0.0108 --
308.000 0.000 51.5 0.0 0.090 0.090 1.220 0.010 1.0716 0.6255 0.4462 0.0087 
310.000 0.000 31.3 0.0 0.000 0.000 0.756 0.006 0.6585, 0.4872 0.1714 0.0055 
249.000 0.000 44.1 0.0 0.000 0.000 0.956 0.006 0.8331 0.6092 0.2240 0.0051 
264.000 I 0.000 20.3 0.0 0.000 0.000 0.924 0.003, 0.7972 0.7346 0.0626 0.0031 
168.000 0.110 46.5 5.1 NA NA 0.849 0.006 0.7419 0.5052 0.2367 0.0051 
309.000 0.000 11.7 0.0 NA NA 0.454 0.002 0.3914 0.3651 0.0263 0.0022 
275.000 0.489 18.3 5.6 NA NA 0.816 0.003 0.7038 0.6530 0.0508 0.0028 
172.000 0.000 4.1 0.0 NA NA 0.632 0.004 0.5438 0.5284 0.0154 0.0038 
312.000 0.033 11.2 1.8 NA NA 0.583 0.006 0.5043 0.4399 0.0644 0.0057 
315.000 0.120 13.9 6.0 NA NA 0.649 0.008 0.5631 0.4588 0.1043 0.0075 
193.000 0.000 11.2 0.0 NA NA 0.330 0.003 0.2853 0.2517 0.0336 0.0030 
152.000 0.172 10.8 7.7 NA NA 0.629 0.003 0.5419 0.5129 0.0290 0.0027 
224.000 0.000 15.7 0.0 NA NA 0.693 0.009 0.6025 0.4683 0.1342 0.0085 
252.000 0.000 20.4 0.0 NA NA 0.664 0.007 0.5777 0.4408 0.1369 0.0067 
160.000 0.494 34.9 5.3 NA NA 0.730 0.004 0.6335 0.5138 0.1197 0.0034 
185.000 0.000 17.4 a.a NA NA 0.667 0.006 0.5783 0.4794 0.0988 0.0057 
271.000 0.113 4.9 6.7 NA NA 0.484 0.003 0.4165 0.4038 0.0127 0.0026 
295.000 0.000 22.41 a.a NA NA 0.777 0.009 0.6775 0.4880 0.1895 0.0085 
192.000 0.227 31.9 13.5 NA NA 0.584 0.005 0.5099 0.3557 0.1542 0.0048 ·-
268.000 0.000 12.6 a.a NA NA 0.570 0.003 0.4918 0.4528 0.0390 0.0031 
200.000 0.083 8.7 3.2 NA NA 0.618 0.007 0.5341 0.4751 0.0589 0.0068 
246.000 0.124 12.9 5.6 NA NAi 0.719 0.005 0.6208 0.56281 0.0580 0.0045 
242.000 0.000 12.9 0.0 NA NA, 0.607 0.008 0.5261 0.4382 0.0880 0.0068 
289.000 0.232 5.0 8.4 NA NA 0.530 0.004 0.4563 0.4382 0.0181 0.0036 
304.000 0.000 21.6 0.0 NA NA, 0.735 0.005 0.6365 0.5413 0.0952 0.0044 
250.000 0.000 19.4 a.a NA NA 0.709 0.005 0.6134 0.5318 0.0816 0.0042 
278.000 0.280 20.5 9.0 NA NA, 0.563 0.005 0.4885 0.3969 0.0916 0.0045 
170.000 0.000 14.0 0.0 NA NA1 0.736i 0.006 0.6366 0.5559 0.0807 0.0058 
173.000 0.000 2.6 0.0 NA NA 0.5761 0.007 0.4957 0.4803 0.0154 0.0059 
276.000 0.343 39.2 6.0 NA NAI 0.954' 0.007 0.8330 0.5791 0.2539 0.0065 
156.000 0.151 41.4 7.4 NA NA 0.887 0.007 0.7761 0.5095 0.2666 0.0064 
207.000 0.105 24.7 4.5 NA NA 0.575 0.004 0.4965 0.4133 0.0852 0.0035 
258.000 0.000 16.1 0.0 NA NA 0.593 0.004 0.5125 0.4554 0.0571 0.0035 
282.000 0.000 1.2 0.0 NA NA 0.399 0.002 0.3429 0.3411 0.0018 0.0015 
195 0 10 0 NA NA 0.426 0.004 0.368 0.329 0.039 0.004 ---
218 0 8.8 0 NA NA 0.428 0.005 0.370 0.327 0.043 0.005 
227 0.2031 3.3 5.5 NA NA 0.392 0.006 0.338 0.319 0.019 0.006 
205 0.014 5.8 1.3 NA NA 0.584 0.003 0.503 0.485 0.018 0.003 
223 0.046 31.8 2.6 NA NA 0.701 0.009 0.615 0.368 0.248 0.008 -----
175 0 11.7 0 NA NA 0.346 0.004 0.300 0.256 0.044 0.004 
285 a 6.5 a NA NA 0.603 0.009 0.521 0.470 0.051 0.008 
222 0.256 a 4.9 NA NA 0.459 0.000 0.394 0.394 0.000 #DIV/0! 
159 0.041 13.8 3.1 NA NA 0.622 0.008 0.539 0.444 0.095 0.007 
238 0 1.8 01 NA NA 0.51 0.011 0.439 0.422 0.017 0.010 
215 0 0 Di NA NA 0.3721 #DIV/01 0.320 0.320 0.000 #DIV/0! 
299 a a a NA NA 0.491 #DIV/0! 0.422 0.422 0.000 #DIV/0! 
217! 0.311 7 5.1 NA NA 0.579 0.011 0.501 0.434 0.067 0.010 
186' 0.111 11.1 5.4 NA NA 0.681 0.008 0.590 0.505 0.084 0.008 
283 0.113 21.1 2.5 NA NA 1.068 0.010 0.928 0.737 0.190 0.009 
162 0.183 5 3.8 NA NA 0.861 0.004 0.741 0.721 0.020 0.004 
164 0.671 14.1 10.7 NA NA 0.662, 0.007 0.573 0.488 0.085 0.006 
208 0.055 11.9 2.2 NA NA 0.567 0.008 0.492 0.407 0.084 0.007 
240 0.238 12.5 5.7 NA NA 0.8061 0.005 0.696 0.637 0.059 0.005 
247 0.264 18 9.2 NA NA 0.9051 0.008 0.785 0.650 0.134 0.007 
263 0.12 a 5.2 NA NA 0.8071 0.000 0.693 0.693 0.000 #DIV/0! 
319 0.082 1.6 3.3 NA NA 0.58 0.009 0.499 0.486 0.013 0.008 
231 0 11.8 a NA NA 0.508 0.011 0.442 0.329 0.113 0.010 . 
290 0.216 6.8 5.5 NA NA 0.589 0.006 0.508 0.472 0.036 0.005 
229 0.26 5.6 10 NA NA 0.87 0.008 0.750 0.711 0.039 0.007 
178 a 3.8 a NA NA 0.489 0.005 0.421 0.405 0.016 0.004 . --·-219 0.228 14.9 10.6 NA NA 0.648 0.009 0.563 0.439 0.124 0.008 
307 a 10.9 a NA NA 0.708 0.010 0.613 0.517 0.096 0.009 
255 0.175 5.1 4.6 NA NA 0.751 0.007 0.647 0.615 0.032 0.006 
297 a 16.6 a NA NA 0.794 0.008 0.689 0.566 0.122 0.007 
235 0.11 12.4 4.2 NA NA 0.619 0.008 0.536 0.450 0.086 0.007 
291 0.027 19.4 1.9 NA NA 0.71 0.008! 0,61B 0.470 0.148 0.008 
302 0.062 11.8 3.2 NA NA 0.564 0,005i 0.487 0.436 0.052 0.004 
201 a 5.9 a NA NA 0.581 0.004 0.500 0.480 0.020 0.003 
213 0.053 11,9 2 NA NA 0.809 0.005 0.698 0.643 0.055 0.005 
269 0.076 5.5 2.9 NA NA 0.506 0.0101 0.4371 0.389 0.048 0.009 
251 0.477 8.3 4.7 NA NA 0.733 0.008, 0.633 0.571 0.062 0.007 
259 a 16.1 a NA NA 0.717 0.010 1 0.623 0.482 0.141 0.009 
157 a a 0 NA NA 0.411 0.000, 0.353 0.353 0.000 #DIV/OI 
79 
294 0.02 12.1 1.9 NA NA 0.8 0.007 0.691 0.615 0.076 0.006 
165 0 5.1 0 NA NA 0.465 0.005 0.401 0.376 0.024 0.005 
272 0.448 12.7 6.8 NA NA 0.686 0.009 0.595 0.491 0.103 0.008 
155 0 0 0 NA NA 0.648 0.000 0.557 0.557 0.000 #DIV/OJ 
167 0 6.1 0 NA NA 0.406 0.009 0.351 0.301 0.051 0.008 
280 0.181 20 8.5 NA NA 0.672 0.012 0.589 0.369 0.219 0.011 
211 0.533 0 6 NA NA 0.401 #DIV/0! 0.345 0.345 0.000 #DIV/OJ 
190 0 6.9 0 NA NA 0.553 0.005 0.477 0.443 0.034 0.005 
203 0 5.5 0 NA NA 0.464 0.013 0.402 0.337 0.065 0.012 
176 0 5.2 0 NA NA 0.585 0.016 0.507 0.431 0.075 0.014 
197.000 0.132 4.8 5.5 NA NA 0.523 0.006 0.451 0.424 0.027 0.006 
153 0 23.4 0 NA NA 0.549 0.003 0.475 0.405 0.071 0.003 
204 0 0 0 NA NA 0.688 #DIV/0! 0.591 0.591 0.000 #DIV/OJ 
281 0 1.6 0 NA NA 0.599 0.011 0.515 0.500 0.015 0.010 
194 0 13.7 0 NA NA 0.604 0.006 0.523 0.450 0.073 0.005 
221 0.424 2.5 9.8 NA NA 0.417 0.008 0.359 0.340 0.019 0.008 
236 0.199 5.1 5.5 NA NA 0.717 0.013 0.619 0.560 0.059 0.012 
248 0.143 0 4.6 NA NA 0.376 #DIV/OJ 0.323 0.323 0.000 #DIV/OJ 
279 0.296 4.2 10.4 NA NA 0.559 0.011 0.483 0.440 0.043 0.010 
298 0 11 .5 0 NA NA 0.745 0.015 0.648 0.491 0.157 0.014 
234 0 10.4 0 NA NA 0.553 0.006 0.478 0.423 0.055 0.005 
320 0.285 16.7 7.7 NA NA 0.694 0.010 0.605 0.448 0.157 0.009 
296 0.271 0 8.9 NA NA 0.671 #DIV/OJ 0.577 0.577 0.000 #DIV/01 
188 0 2.6 0 NA NA 0.661 0.007 0.569 0.552 0.016 0.006 
161 0 0.6 0 NA NA 0.544 0.013 0.468 0.461 0.007 0.012 
243 0 12.1 0 NA NA 0.667 0.012 0.580 0.449 0.131 0.011 
253 0.400 17.5 11.0 NA NA 0.99 0.011 0.860 0.680 0.180 0.010 
257 0 4.9 0 NA NA 0.49 0.008 0.423 0.386 0.037 0.008 
171 0 4.1 0 NA NA 0.487 0.004 0.419 0.405 0.015 0.004 
191 0.178 5.2 5.3 NA NA 0.535 0.006 0.461 0.433 0.028 0.005 
244 0 0 0 NA NA 0.547 #DIV/0! 0.470 0.470 0.000 #DIV/OJ 
311 0.202 6.9 6.7 NA NA 0.621 0.013 0.538 0.455 0.083 0.012 
154 0.317 15.9 10.9 NA NA 0.705 0.009 0.612 0.489 0.123 0.008 
288 0 8.4 0 NA NA 0.663 0.009 0.573 0.502 0.072 0.009 
230.000 0.152 9.9 3.7 NA NA 0.719 0.008 0.622 0.550 0.072 0.007 
261 .000 0.116 4.2 6.1 NA NA 0.481 0.015 0.416 0.357 0.059 0.014 
301 .000 0.214 21.3 5.4 NA NA 0.73 0.005 0.633 0.528 0.104 0.005 
166.000 0.000 11 .5 0.0 NA NA 0.506 0.008 0.439 0.351 0.088 0.008 
214.000 0.000 5.2 0.0 NA NA 0.533 0.008 0.460 0.424 0.036 0.007 
233.000 0.255 7.4 6.1 NA NA 0.649 0.011 0.562 0.486 0.075 0.010 
273.000 0.507 5.9 9.1 NA NA 0.685 0.013 0.592 0.524 0.068 0.012 
303.000 0.308 5.0 9.3 NA NA 0.774 0.020 0.670 0.581 0.089 0.018 
265.000 0.716 11.3 15.3 NA NA 0.586 0.009 0.508 0.418 0.091 0.008 
317.000 0.000 2.6 0.0 NA NA 0.644 0.010 0.555 0.530 0.024 0.009 
237.000 0.184 0.0 3.9 NA NA 0.567 #DIV/0! 0.487 0.487 0.000 #DIV/OJ 
270.000 0.221 3.7 8.9 NA NA 0.44 0.009 0.380 0.349 0.031 0.008 
184 0.08 0 6.1 NA NA 0.448 #DIV/0! 0.385 0.385 0.000 #DIV/OJ 
189 0 0 0 NA NA 0.405 #DIV/0! 0.348 0.348 0.000 #DIV/OJ 
151 0.367 8.7 3.8 NA NA 0.4 0.006 0.346 0.301 0.045 0.005 
300 0.513 0 9.6 NA NA 0.496 #DIV/0! 0.426 0.426 0.000 #DIV/0! 
267 0 8.6 0 NA NA 0.397 0.007 0.344 0.287 0.057 0.007 
158 0 0 0 NA NA 0.499 #DIV/0! 0.429 0.429 0.000 #DIV/0! 
181 0.38 7.1 11 .6 NA NA 0.605 0.007 0.522 0.479 0.043 0.006 
305 0 0 0 NA NA 0.534 #DIV/0! 0.459 0.459 0.000 #DIV/0! 
179 0.144 13.4 3.9 NA NA 0.411 0.006 0.357 0.287 0.070 0.005 
196 0.207 1.6 8 NA NA 0.438 0.006 0.377 0.368 0.009 0.006 
202 0 7.4 0 NA NA 0.561 0.006 0.484 0.442 0.042 0.006 
198 0 15.4 0 NA NA 0.521 0.006 0.452 0.370 0.082 0.005 
313 0 12.5 0 NA NA 0.424 0.013 0.372 0.222 0.151 0.012 
210 0.043 8.7 1.7 NA NA 0.535 0.010 0.464 0.385 0.079 0.009 
174 0.205 6 5.9 NA NA 0.428 0.016 0.372 0.286 0.086 0.014 
220 0.109 9.4 5.3 NA NA 0.54 0.006 0.467 0.414 0.053 0.006 
256 0.604 8.5 9.8 NA NA 0.505 0.005 0.436 0.395 0.041 0.005 
228 0.535 16.2 8.9 NA NA 0.576 0.004 0.498 0.441 0.057 0.004 
260 0 0 0 NA NA 0.28 #DIV/0! 0.241 0.241 0.000 #DIV/OJ 
274 0.19 0 5.1 NA NA 0.412 #DIV/0! 0.354 0.354 0.000 #DIV/OJ 
286 0 12.4 0 NA NA 0.514 0.006 0.445 0.374 0.072 0.006 
316 0.183 1.3 4.8 NA NA 0.374 0.005 0.322 0.316 0.005 0.004 
262 0 4.3 0 NA NA 0.386 0.005 0,333 0.314 0.019 0.004 
180 0 0 0 NA NA 0.589 #DIV/OJ 0.506 0.506 0.000 #DIV/0! 
241 0.477 6.6 14.9 NA NA 0.711 0.009 0.614 0.559 0.054 0.008 
212 0.269 0 5.4 NA NA 0.574 #DIV/OJ 0.493 0.493 0.000 #DIV/0! 
239 0.026 15.4 1.8 NA NA 0.675 0.016 0.592 0.371 0.220 0.014 
292 0.01 7.1 2 NA NA 0.498 0.008 0.430 0.381 0.050 0.007 
306 0.371 0.8 6.8 NA NA 0.433 0.008 0.372 0.367 0.005 0.007 
277 0.146 7.3 5.6 NA NA 0.552 0.010 0.478 0.413 0.064 0.009 
314 0 0 0 NA NA 0.488 #DIV/0! 0.419 0.419 0.000 #DIV/0! 
318 0.049 9.7 2.6 NA NA 0.473 0.012 0.412 0.309 0.102 0.011 
225 0.185 20.2 5.3 NA NA 0.744 0.012 0.650 0.439 0.211 0.010 
489 NA NA NA NA NA 0.519 NA 0.425 0.425 NA NA 
486.000 NA NA NA NA NA 0.614 NA 0.503 0.503 NA NA 
354 NA NA NA NA NA 0.238 NA 0.195 0.195 NA NA 
474 NA NA NA NA NA 0.453 NA 0.371 0.371 NA NA 
323 NA NA NA NA NA 0.319 NA 0.261 0.261 NA NA 
363 NA NA NA NA NA 0.395 NA 0.323 0.323 NA NA 
402 NA NA NA NA NA 0.401 NA 0.328 0.328 NA NA 
326.000 NA NA NA NA NA 0.279 NA 0.228 0.228 NA NA 
480.000 NA NA NA NA NA 0.283 NA 0.232 0.232 NA NA 
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325.000 NA NA NA NA NA 0.277 NA 0.227 0.227 NA NA 
344.000 NA NA NA NA NA 0.277 NA 0.227 0.227 NA NA 
331.000 NA NA NA NA NA 0.264 NA 0.216 0.216 NA NA 
411 NA NA NA NA NA 0.331 NA 0.271 0.271 NA NA 
336 NA NA NA NA NA 0.229 NA 0.187 0.187 NA NA 
390 NA NA NA NA NA 0.32 NA 0.262 0.262 NA NA 
446 NA NA NA NA NA 0.25 NA 0.205 0.205 NA NA 
356 NA NA NA NA NA 0.142 NA 0.116 0.116 NA NA 
407 NA NA NA NA NA 0.217 NA 0.178 0.178 NA NA 
340 NA NA NA NA NA 0.124 NA 0.102 0.102 NA NA 
381 , NA NA NA NA NA 0.207 NA 0.169 0.169 NA NA 
404 NA NA NA NA NA 0.12 NA 0.098 0.098 NA NA 
371 NA NA NA NA NA 0.175 NA 0.143 0.143 NA NA 
335 NA NA NA NA NA 0.249 NA 0.204 0.204 NA NA 
357 NA NA NA NA NA 0.268 NA 0.219 0.219 NA NA 
403 NA NA NA NA NA 0.181 NA 0.148 0.148 NA NA 
373 NA NA NA NA NA 0.288 NA 0.236 0.236 NA NA 
409 NA NA NA NA NA 0.543 NA 0.444 0.444 NA NA 
410 NA NA NA NA NA 0.312 NA 0.255 0.255 NA NA 
377 NA NA NA NA NA 0.244 NA 0.200 0.200 NA NA 
380 NA NA NA NA NA 0.205 NA 0.168 0.168 NA NA 
389 NA NA NA NA NA 0.346 NA 0.283 0.283 NA NA 
383 NA NA NA NA NA 0.145 NA 0.119 0.119 NA NA 
464 NA NA NA NA NA 0.167 NA 0.137 0.137 NA NA 
379 NA NA NA NA NA 0.469 NA 0.384 0.384 NA NA 
418 NA NA NA NA NA 0.305 NA 0.250 0.250 NA NA 
435 NA NA NA NA NA 0.403 NA 0.330 0.330 NA NA 
375 NA NA NA NA NA 0.399 NA 0.327 0.327 NA NA 
434 NA NA NA NA NA 0.275 NA 0.225 0.225 NA NA 
427 NA NA NA NA NA 0.373 NA 0.305 0.305 NA NA 
352 NA NA NA NA NA 0.153 NA 0.125 0.125 NA NA 
448 NA NA NA NA NA 0.333 NA 0.273 0.273 NA NA 
341 NA NA NA NA NA 0.268 NA 0.219 0.219 NA NA 
465 NA NA NA NA NA 0.255 NA 0.209 0.209 NA NA 
467 NA NA NA NA NA 0.267 NA 0.219 0.219 NA NA 
456 NA NA NA NA NA 0.15 NA 0.123 0.123 NA NA 
346 NA NA NA NA NA 0.137 NA 0.112 0.112 NA NA 
321 NA NA NA NA NA 0.179 NA 0.147 0.147 NA NA 
350 NA NA NA NA NA 0.124 NA 0.102 0.102 NA NA 
424 NA NA NA NA NA 0.151 NA 0.124 0.124 NA NA 
333 NA NA NA NA NA 0.120 NA 0.098 0.098 NA NA 
395 NA NA NA NA NA 0.244 NA 0.200 0.200 NA NA 
392 NA NA NA NA NA 0.184 NA 0.151 0.151 NA NA 
378 NA NA NA NA NA 0.176 NA 0.144 0.144 NA NA 
387 NA NA NA NA NA 0.207 ; NA 0.169 0.169 NA NA 
400 NA NA NA NA NA 0.204 NA 0.167 0.167 NA NA 
364 NA NA NA NA NA 0.361 NA 0.295 0.295 NA NA 
347 NA NA NA NA NA 0.099 NA 0.081 0.081 NA NA 
359 NA NA NA NA NA 0.151 NA 0.124 0.124 NA NA 
397 NA NA NA NA NA 0.186 NA 0.152 0.152 NA NA 
398 NA NA NA NA NA 0.192 NA 0.157 0.157 NA NA 
416 NA NA NA NA NA 0.208 NA 0.170 0.170 NA NA 
324 NA NA NA NA NA 0.298 NA 0.244 0.244 NA NA 
422 NA NA NA NA NA 0.292 NA 0.239 0.239 NA NA 
353 NA NA NA NA NA 0.281 NA 0.230 0.230 NA NA 
382 NA NA NA NA NA 0.319 i NA 0.261 0.261 NA NA 
366 NA NA NA NA NA 0.138 NA 0.113 0.113 NA NA 
328 NA NA NA NA NA 0.195 NA 0.160 0.160 NA NA 
360 NA NA NA NA NA 0.219 NA 0.179 0.179 NA NA 
367 NA NA NA NA NA 0.217 NA 0.178 0.178 NA NA 
338 NA NA NA NA NA 0.221 NA 0.181 0.181 NA NA 
391 NA NA NA NA NA 0.157 NA 0.129 0.129 NA NA 
399 NA NA NA NA NA 0.253 NA 0.207 0.207 NA NA 
421 NA NA NA NA NA 0.175 NA 0.143 0.143 NA NA 
372 NA NA NA NA NA 0.162 NA 0.133 0.1 33 NA NA 
369 NA NA NA NA NA 0.141 NA 0.115 0.115 NA NA 
412 NA NA NA ' NA NA 0.356 NA 0.291 0.291 NA NA 
423 NA NA NA NA NA 0.125 NA 0.102 0.102 NA NA 
419 NA NA NA NA NA 0.137 NA 0.112 0.112 NA NA 
345 NA NA NA NA NA 0.121 NA 0.099 0.099 NA NA 
327 NA NA NA NA NA 0.111 NA 0.091 0.091 NA NA 
490 NA NA NA NA NA 0.161 NA 0.132 0.132 NA NA 
368 NA NA NA NA NA 0.173 NA 0.142 0.142 NA NA 
436 NA NA NA NA NA 0.117 NA 0.096 0.096 NA NA 
401 NA NA NA NA NA 0.155 NA 0.127 0.127 NA NA 
384 NA NA NA NA NA 0.225 NA 0.184 0.184 NA NA 
374 NA NA NA NA NA 0.119 NA 0.097 0.097 NA NA 
453 NA NA NA NA NA 0.206 NA 0.169 0.169 NA NA 
444 NA NA NA NA NA 0.169 NA 0.138 0.138 NA NA 
488 NA NA NA NA NA 0.133 NA 0.109 0.109 NA NA 
329 NA NA NA NA NA 0.086 NA 0.070 0 .070 NA NA 
332 NA NA NA NA NA 0.088 NA 0.072 0.072 NA NA 
394 NA NA NA NA NA 0.132 NA 0.108 0.108 NA NA 
348 NA NA NA NA NA 0.109 NA 0.089 0.089 NA NA 
358 NA NA NA NA NA 0.126 NA 0.103 0.103 NA NA 
370 NA NA NA NA NA 0.228 NA 0.187 0.187 NA NA 
426 NA NA NA NA NA 0.088 NA 0.072 0.072 NA NA 
322 NA NA NA NA NA 0.186 NA 0.152 0.152 NA NA 
81 
330 NA NA NA NA NA 0,0691 NA 0,056 0.056 NA NA 
414 NA INA NA NA NA 0.183 NA 0.150 0.150 NA NA 
355 NA NA NA NA NA 0.063 NA 0.052 0.052 NA NA 
385 NA NA NA NA NA 0.104 NA 0.085 0.085 NA NA 
413 NA NA NA NA NA 0.104 NA 0.085 0.085 NA NA 
442 NA NA NA NA NA 0.115 NA 0.094 0.094 NA NA 
472 NA NA NA NA NA 0.097 NA 0.079 0.079 NA NA 
445 NA NA NA NA NA 0.092 NA 0.075 0.075 NA NA 
429 NA NA NA NA NA 0.191 NA 0.156 0.156 NA NA 
430 NA NA NA NA NA 0.106 NA 0.087 0.087 NA NA 
449 NA NA NA NA NA 0.113 NA 0.092 0.092 NA NA -~------460 NA NA NA NA NA 0.089 NA 0.073 0.073 NA NA 
454 NA NA NA NA NA 0.075 NA 0.061 0.061 NA NA 
466 NA 1NA NA NA, NAl 0.085 NA 0.070 0.070 NA NA 
441 NA 1NA NA NA NA, 0.077 NA 0.063 0.063 NA NA 
443 NA NA NA NA NAi 0.082 NA 0.067 0.067 NA NA 
455 NA NA NA NA NA 1 0.068 NA 0,056 0.056 NA NA 
469 NA NA NA NA NA 0,056 NA 0.046 0.046 NA NA 
459 NA NA NA NA NA 0.114 NA 0.093 0.093 NA NA 
396 NA NA NA NA NA 0.198 NA 0.162 0.162 NA NA 
~· 
452 NA NA NA NA NA 0.132 NA 0.108 0.108 NA NA -~-~---
458 NA NA NA NA NA 0.171 NA 0.140 0.140 NA NA .. 
388 NA NA NA NA NA 0.145 NA 0.119 0.119 NA NA 
468 NA NA NA NA NA 0.146 NA 0.120 0.120 NA NA 
478 NA NA 1NA NA NA 0.164 NA 0.134 0.134 NA NA 
428 NA NA .NA NA NA 0.13 NA 0.106 0.106 NA NA 
461 NA NA NA NA NA 0.167 NA 0.137 0.137 NA NA 
432 NA NA NA NA NA 0,183 NA 0.150 0.150 NA NA 
420 NA NA NA NA NA 0.174 NA 0.142 0.142 NA NA 
471 NA NA NA NA NA 0.103 NA 0.084 0.084 NA NA 
475 NA NA NA NA NA 0.131 NA 0.107 0.107 NA NA 
473 NA NA NA NA NA 0.1081 NA 0.088 0.088 NA NA 
481 NA NA NA; NA NA 0,07 NA 0,057 0.057 NA NA 
440 NA NA NA NA NA 0.075 NA 0.061 0.061 NA NA 
431 NA NA NA NA NA 0.111 NA 0.091 0.091 NA NA 
4791 NA NA NA NA NA 0.028 NA 0.023 0.023 NA NA 
4841 NA NA NA NA NA 0.121 NA 0,099 0.099 NA NA 
463 NA NA NA NA NA 0.027 NA 0.022 0.022 NA NA 
438, NA NA NA NA NA 0.078 NA 0.064 0.064 NA NA 
477' NA NA NA NA NA 0.126 NA 0.103 0.103 NA NA 
405 NA NA NA NA NA 0.172 NA 0.141 0.141 NA NA 
337 NA NA NA NA NA 0.09 NA 0.074 0.0741 NA NA 
349 NA NA NA NA NA 0.043 NA 0.035 0.035 NA NA 
386 NA NA NA NA NA 0,095 NA 0,078 0.078 NA NA 
393 NA NA NA NA NA 0.054 NA 0.044 0.044 NA NA 
415 NA NA NA NA NA ~- 0.126 NA 0.103 0.103 NA NA 
343 NA NA NA NA NA 0.099 NA 0.081 0.081 NA NA 
351 NA NA NA NA NA 0.063 NA 0.052 0.052 NA NA 
417 NA NA NA NA NA 0.131 NA 0.107 0.107 NA NA 
376 NA, NA NA NA NA 0,041 NA 0.034 0.034 NA NA 
487 NA NA NA NA NA 0.102 NA 0.083 0.083 NA NA 
~- 406 NA NA NA NA NA 0.172 NA 0.141 0.141 NA NA 
433 1 NAI NA NA NA NA 0.124 NA 0.102 0.102 NA NA 
482 NAI NA NA NA NA 1 0.122 NA 0.100 0.100 NA NA 
483 NAI NA· NA NA NA! 0.099 NA 0.081 0.081 NA NA 
450 NA NA NA NA NA, 0.054 NA 0.044 0.044 NA NA 
470 NA! NA NA NA NAi 0.112 NA 0.092 0.092 NA NA 
485 NA NA NA NA NAI 0.115 NA 0.094 0.094 NA NA 
491 NA NA ~-- NA NA NA 0.109 NA 0.089 0.089 NA NA 
339 NA NA NA NA NA 0.071 NA 0.058 0.058 NA NA 
342 NA NA NA NA NA 0.062 NA 0.051 0.051 NA NA 
362 NA NA NA NA NA 0.209 NA 0.171 0.171 NA NA 
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Long Term Core Nitrogen and Carbon: I 
I I 
Wheat Core Removal: Samoles Taken from NE of Oadon, IA on Julv 07, 1999. 
Com Core Removal: Samoles taken from Tom Risdals field West of Bear Creak on Seotember 24, 1999. 
Maple Core Removal :Samples taken from the Fick Observatory on May 05, 1999. 
AFDTotal AFD Total AFDTotal 
Core # Grouo N Grouo Samole # Date Date Date Species Exot Dav Days In Fine Root "Fine" Root Frag Root 
Inserted Removed Sorted Date collected core Mass (not>2mm) Mass (no>1.0mm 
fa! (al ta 
169 sort 1 31,34,37 NA NA 06/15/1999 Maple 06/07/1999 05/05/1999 41 0.530 0.479 0.168 
206 sort I 1 31,34,37 NA NA 06/16/1999 Maple 06/07/1999 05/05/1999 42 0.3868 0.2535 0.137 
163 sort ! 1 31,34,37 NA NA 06/17/1999 Maple 06/07/1999 05/05/1999 43 0.631 0.585 0.295 
287 sort 1 31,34,37 NA NA 06/21 /1999 Maole 06/07/1999 05/05/1999 47 0.7448 0.5181 0.320 
310 sort 1 31,34,37 ,NA NA 06/21 /1999 Maole 06/07/1999 05/05/1999 47 0.6585 0.4872 0.304 
44.0000 0.5903 0.4646 0.2449 
209 sort 2 32,35,38 NA NA 06/15/1999 Maole 06/07/1999 05/05/1999 41 0.5661 0.4038 0.145 
216 sort 2 32,35,38 NA NA 06/15/1999 Maole 06/07/1999 05/05/1999 41 0.6062 0.3849 0.103 
187 sort 2 32,35,38 NA NA 06/16/1999 Maple 06/07/1999 05/05/1999 42 0.5536 0.5146 0.173 
284 sort 2 32,35,38 NA NA 06/17/1999 Maple 06/07/1999 05/05/1999 43 0.7106 0.5464 0.232 
293 sort 2 32,35,38 NA NA 06/17/1999 Maole 06/07/1999 05/05/1999 43 0.5697 0.5189 0.254 
264 sort 2 32,35,38 NA NA 06/29/1999 Maple 06/07/1999 05/05/1999 55 0.7972 0.7346 0.240 
44.1667 0.6339 0.5172 0.1912 
199 sort 3 33,36,39 NA NA 06/15/1999 Maple 06/07/1999 05/05/1999 41 0.6294 0.5868 0.236 
266 sort 3 33,36,39 NA NA 06/17/1999 Maole 06/07/1999 05/05/1999 43 0.8382 0.6152 0.304 
232 sort 3 33 ,36 39 NA NA 05/21 /1999 Maole 06/07/1999 05/05/1999 47 0.5394 0.5104 0.247 
254 sort 3 33,36,39 NA NA 06/21 /1999 Maole 06/07/1999 05/05/1999 47 0.6898 0.5284 0.264 
308 sort 3 33,36,39 NA NA 06/21 /1999 Maple 06/07/1999 05/05/1999 47 1.0716 0.6255 0,243 
249 sort 3 33,36,39 NA NA 06/29/1999 Maple 06/07/1999 05/05/1999 55 0.8331 0.6092 0.231 
46.6667 0,7669 0.5792 0.2543 
152 L. Tenn 1 53,56,59 06/07/1999 08/17/1999 08/25/1999 Maple 08/17/1999 05/05/1999 112 0.5419 0.5129 0.193 
252 L. Tenn 1 53,56,59 06/07/1999 08/17/1999 08/25/1999 Maple 08/17/1999 05/05/1999 112 0.5777 0.4408 0.179 
185 L. Tenn 1 53,56,59 06/07/1999 08/17/1999 08/27/1999 MaPle 08/17/1999 05/05/1999 114 0.5783 0.4794 0.168 
271 L. Tenn 1 53,56,59 06/07/1999 08/17/1999 08/27/1999 Maole 08/17/1 999 05/05/1999 114 0.4165 0.4038 0.190 
295 L. Term 1 53,56,59 06/07/1999 08/17/1999 08/27/1999 Maple 08/17/1999 05/05/1999 114 0.6775 0.4880 0.150 
113.2000 0.5584 0.4650 0.1760 
168 L. Term 2 54,57,60 06/07/1999 08/17/1999 08/19/1999 Maple 08/17/1999 05/05/1999 106 0.7419 0.5052 0.220 
309 L. Tenn 2 54,57,60 06/07/1999 08/17/1999 08/19/1999 Maple 08/17/1999 05/05/1999 106 0.3914 0.3651 0.156 
312 L. Tenn 2 54,57,60 06/07/1999 08/17/1999 08/23/1999 Maple 08/1 7/1999 05/05/1999 110 0.5043 0.4399 0.149 
193 L. Tenn 2 54,57,60 06/07/1999 08/17/1999 08/24/1999 Maple 08/17/1999 05/05/1999 111 0.2853 0.2517 0.108 
224 L. Tenn 2 54,57,60 06/07/1999 08/17/1999 08/25/1999 Maple 08/17/1999 05/05/1999 112 0.6025 0.4683 0.208 
109.0000 0.5051 0.4060 0.1684 
275 L. Tenn 3 55,58,61 06/07/1999 08/17/1999 08/20/1999 Maple 08/17/1999 05/05/1999 107 0.7038 0.6530 0.249 
172 L. Term 3 55,58,61 06/07/1999 08/17/1999 08/23/1999 Manie 08/17/1999 05/05/1999 110 0.5438 0.5284 0.186 
31 5 L. Tenn 3 55,58,61 06/07/1999 08/17/1999 08/23/1999 Manie 08/17/1999 05/05/1999 110 0.5631 0.4588 0.181 
160 L. Term 3 55,58,61 06/07/1999 08/17/1999 08/27/1999 Maole 08/17/1999 05/05/1999 114 0.6335 0.51 38 0.197 
192 L. Tenn 3 55,58,61 06/07/1999 08/17/1999 08/29/1999 Maple 08/17/1999 05/05/1999 116 0.5099 0.3557 0.149 
111.4000 0.5908 0.5019 0.1926 
227 L. Term 4 82 ,86,90 06/07/1999 11 /05/1999 11 /06/1999 Manie 11 /05/1999 05/05/1999 185 0.338 0.319 0.130 
175 L. Term 4 82 86,90 06/07/1999 11 /05/1999 11 /09/1999 Manie 11 /05/1999 05/05/1999 188 0.300 0.256 0.078 
186.500 0.319 0.287 0.104 
285 L. Tenn 1 79,83,87 06/07/1999 11 /05/1999 11 /13/1999 Maple 11 /05/1 999 05/05/1999 192 0.521 0.470 0.118 
299 L. Tenn 1 79,83,87 06/07/1999 11 /05/1999 11 /23/1999 Maole 11/05/1999 05/05/1999 202 0.422 0.422 0.117 
186 L. Tenn 1 79,83,87 06/07/1999 11 /05/1999 11/29/1999 Manie 11/05/1999 05/05/1999 208 0.590 0.505 0.162 
200.667 0.511 0.466 0.132 
195 L. Tenn 4 82,86,90 06/07/1999 11/05/1999 11/06/1999 Maole 11 /05/1999 05/05/1999 185 0.368 0.329 0.119 
205 L. Tenn 4 82,86,90 06/07/1999 11/05/1999 11/07/1999 Maple 11 /05/1999 05/05/1999 186 0,503 0.485 0.198 
223 L. Tenn 4 82,86,90 06/07/1999 11/05/1999 11/07/1999 Maple 11 /05/1999 05/05/1999 186 0.615 0.368 0.096 
185.667 0.495 0.394 0.138 
159 L. Tenn 2 80,84 88 06/07/1999 11 /05/1999 11 /19/1999 MaPle 11/05/1999 05/05/1999 198 0.539 0.444 0.082 
217 L. Tenn 2 80,84,88 06/07/1999 11 /05/1999 11 /28/1999 Maple 11 /05/1999 05/05/1999 207 0.501 0.434 0.152 
283 L. Term 2 80,84,88 06/07/1999 11 /05/1999 12/01/1 999 Maple 11 /05/1999 05/05/1999 210 0.928 0.737 0.114 
205.000 0.656 0.538 0.116 
21 8 L. Tenn 3 81,85,89 06/07/1999 11 /05/1999 11 /06/1999 Manie 11 /05/1999 05/05/1999 185 0.370 0.327 0.1 27 
222 L. Term 3 81,85,89 06/07/1999 11 /05/1999 11/15/1999 Maole 11 /05/1999 05/05/1999 194 0.394 0.394 0.092 
238 L. Term 3 81 ,85,89 06/07/1999 11/05/1999 11/19/1999 Manie 11/05/1999 05/05/1999 198 0.439 0.422 0.058 
21 5 L. Term 3 81,85,89 06/07/1999 11/05/1999 11/23/1999 Maole 11 /05/1999 05/05/1999 202 0.320 0.320 0.075 
194.750 0.381 0.366 0.088 
197 L. Tenn 1 144,147,1 50 06/07/1999 03/15/2000 03/23/2000 Maple 03/15/2000 05/05/1999 323 0.451 0.424 0.108 
153 L. Tenn 1 144,147,150 06/07/1999 03/15/2000 03/27/2000 Maple 03/15/2000 05/05/1999 327 0.475 0.405 0.092 
204 IL. Tenn 1 144,147,150 06/07/1999 03/15/2000 03/30/2000 Maole 03/15/2000 05/05/1999 330 0.591 0.591 0.1 63 
221 L. Term 1 144,147,1 50 06/07/1999 03/15/2000 04/17/2000 Maole 03/15/2000 05/05/1999 348 0.359 0.340 0.072 
332.000 0.469 0.440 0.109 
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211 L. Term 2 145,148,151 06/07/1999 03/15/2000 03/14/2000 Macie 03/15/2000 05/05/1999 314 0,345 0.345 0.096 
190 L. Term 2 145,148,151 06/07/1999 03/15/2000 03/22/2000 Marie 03/15/2000 05/05/1999 322 0.477 0.443 0.108 
203 L. Tenn 2 145148,151 06/07/1999 03/15/2000 03/22/2000 Marie 03/15/2000 05/05/1999 322 0.402 0.337 0.096 
194 L. Term 2 145148,151 06/07/1999 03/1512000 04/17/2000 Macie 03/1512000 05/05/1999 348 0.523 0.450 0.116 
326.500 0.437 0.394 0.104 
176 L. Term 3 146,149,152 06/07/1999103/15/2000 03/23/2000 Macie 03/15/2000 05/05/1999 323 0.507 0.431 0.091 
281 L. Tenn I 3 146,149,152 06/07/1999 . 03/15/2000 03/30/2000 Macie 03115/2000 05/05/1999 330 0.515 0.500 0.095 
236 L. Term 3 146,149,152 06/07/1999 03/15/2000 04/17/2000 Macie 03/15/2000 05/05/1999 348 0.619 0.560 0.151 
248 L. Term 3 146,149,152 06/07/1999 03/15/2000 04/17/2000 Macie 03/15/2000 05/05/1999 348 0.323 0.323 0.086 
279 L. Term 3 146,149,152 06/07/1999 03/15/2000 04/17/2000 Marie 03/15/2000 05/05/1999 348 0.483 0.440 0.101 
339.400 0.489 0.451 0.105 
189 L. Term 1 217,220,223 06/07/1999 06/07/2000 06/13/2000 Macie 06/07/2000 05/05/1999 405 0.348 0.348 0.096 
151 L. Term 1 217,220,223 06/07/1999 06107/2000 06/14/2000 ·Macie 06/07/2000 05/05/1999 406 0.346 0.301 0.084 
--· 179 L. Tenn 1 217 220,223 06/07/1999 06/07/2000 06/26/2000 Macie 06/07/2000 05/05/1999 418 0.357 0.287 0.068 
196 L. Term 1 217,220,223 06/07/1999 06/07/2000 06/26/2000 Macie 06/07/2000 05/05/1999 418 0.377 0.368 0.094 ~----
202 L. Term- i 1 217,220,223 06/07/1999 06/07/2000 06/27/2000 Marie 06/07/2000 05/05/1999 419 0,484, 0,442 0.082 
i 413.200 0.382 0.349 0.085 
j I 
184,L. Term I 2 218,221,224 06/0711999 06/0712000 06/12/2000 Macie 06/07/2000 05/05/1999 404 0.385 0.385 0.103 
300 L. Term I 2 218,221,224 06/07/1999 06/07/2000 06/15/2000 Macie 06/07/2000 05/05/1999 407 0.426 0.426 0.092 
267 L. Tenn 2 218,221,224 06/07/1999 0610712000 06/16/2000 Marie 06/07/2000 05/05/1999 408 0.3441 0,287 0.091 
158 L. Term 2 218,221,224 06/07/1999 06/07/2000 06/20/2000 Marie 06/07/2000 05/05/1999 412 0,429 I 0.429 0,129 
210 L. Term 2 218,221,224 06/07/1999 06/07/2000 06/29/2000 Macie 06/07/2000 05/05/1999 421 0.4641 0.385 0.089 
410.400 0.410 0.382 0.101 
181 L. Term 3 219,222,225 06/07/1999 I 06/0712000 06/20/2000, Mao le 06107/2000 05/05/1999 412 0.522 0.479 0.123 
305 L. Term 3 219 222,225 06107/1999 0610712000 06/21/2000 ,Manie 06/0712000 05/05/1999 413 0.459 0.459 0.116 
198 L. Term 3 219,222,225 06/07/1999 06/07/2000 06/2812000 I Manie 06/07/2000 I 05/05/1999 420 0.452 0.370 0.115 
313 L. Term 3 219,222,225 06/07/1999 06/07/2000 06/28/2000 I Ma~ 06/07/2000, 05/05/1999 420 0.372 0.222 0,030 
; 416.250 0,451 0.383 0.096 
I 
363 sort 1 62,65 NA NA 08/27/19991Wheat 08/17/1999107/07/1999 51 0.323 0.323 0.171 
402 sort 1 62,65 NA NA 08/27/1999 ! Wheat 08/17/1999 07/07/1999 51 0,328 0.328 0.212 
344 sort 1 62,65 NA NA 08/30/1999 i Wheat 08/17/1999 07/07/1999 54 0.227 0.227 0.164 
331 sort 1 62,65 NA NA 0513111999iw11eat 08/17/1999 07/07/1999 55 0.216 0.216 0.100 
390 sort 1 62,65 NA NA 09/01/1999]Wheat 08/17/1999 07/07/1999 56 0.262 0.262 0.174 
53.400 0.271 0.271 0.164 
486 sort 2 63,66 NA NA 08/20/1999 i Wheat 08/17/1999 07/07/1999 44 0.503 0,503 0.294 
474 sort 2 63,66 NA NA 08/24/1999' Wheat 08117/1999 07107/1999 48 0.371 0.371 0.236 
323 sort 2 63,66 NA NA 08/2511999 Wheat 0811711999 0710711999 49 0.261 0.261 0.169 
326 sort 2 63,66 NA NA 08/29/1999 Whea1 08/17/1999 07/07/1999 53 0.228 0.228 0.147 
480 sort 2 63,66 NA NA 08/29/1999 Wheat 08117/1999 0710711999 53 0.232 0.232 0.131 
446 sort 2 63,66 NA NA 09/16/1999 Wheat 08/17/1999 07/07/1999 71 0.205 0.205 0.120 
53.000 0.300 0.300 0.183 
489 sort 3 64,67 NA NA 08/19/1999 Wheat 08/17/1999 07/07/1999 43 0.425 0.425 0.322 ··---
354 sort 3 64 67 NA NA 08/23/1999 Wheat 08/17/1999 07/07/1999 47 0.195 0.195 0.061 
325 sort 3 64,67 NA NA 08/30/1999 Wheat 08/17/1999 07107/1999 54 0.227 0.227 0.101 
411 sort 3 64,67 NA NA 08/31/1999 Wheat 08/17/1999 07/07/1999 55 0.271 0.271 0.195 
336 sort 3 64 67 NA NA 09/01/1999 Wheat 08/17/1999 07/07/1999 56 0.187 0.187 0.132 
' 51.000 0.261 0.261 0.162 
371 L. Term 1 114,118 08/17/1999 11/05/1999 11/13/1999 Wheat 11/05/1999 07/07/1999 129 0.143 0.143 0.110 
403 L. Term 1 114,118 08/17/1999 11/05/1999 11/20/1999 Wheat 11/05/1999 07/07/1999 136 0.148 0.148 0.097 
377 L. Term 1 114,118 08/17/1999 11/05/1999 11/29/1999 Wheat 11/05/1999 07/07/1999 145 0.200 0.200 0.111 
389 L. Term 1 114,118 08/17/1999 11/05/1999 11/29/1999 Wheat 11/05/1999 07107/1999 145 0.283 0.283 0.064 
138.750 0.194 0.194 0,095 
357 L. Tenn 2 115,119 08/17/1999 11/05/1999 11/20/1999 Wheat 11/05/1999 07107/1999 136 0.219 0.219 0.105 
373 L. Term 2 115,119 08/1711999 11/05/1999 11/21/1999 Wheat 11/05/1999 0710711999 137 0.236 0.236 0.142 
409 L. Term 2 115,119 ! 08/17/1999 11/05/1999 11/21/1999 Wheat 11/05/1999 07/07/1999 137 0.444 0.444 0.097 
380,L. Term 2 115,119 08/17/1999 11/0511999 11/29/1999 Wheat 11/05/1999 07107/1999 145 0.168 0.168 0,055 
i 138.750 0.267 0.267 0.100 
335 L. Tenn 3 116,120 08/17/1999 11/05/1999 11120/1999 Wheat 11/05/1999 07107/1999 136 0.204 0.204 0.120 
410 L. Term 3 116,120 08/17/1999 11/05/1999 11/28/1999 Wheat 11/05/1999 07/07/1999 144 0.255 0.255 0.144 
140.000 0.230 0.230 0.132 
--·----
356 L. Term 4 117,121 0811711999 11/05/1999 11/06/1999 Wheat 11/05/1999 07/07/1999 122 0.116 0.116 0.062 
407 L. Tenn 4 117,121 08/17/1999 11/05/1999 11/06/1999 Wheat 11/05/1999 07/07/1999 122 0.178 0.178 0.103 
340 L. Term 4 117,121 08/1711999 11/05/1999 11/10/1999 Wheat 11/05/1999 07107/1999 126 0.102 0.102 0.079 
381 L. Term 4 117,121 08/17/1999 11/05/1999 11/10/1999 Wheat 11/05/1999 07/07/1999 126 0.169 0.169 0.109 
404 L. re·rm 4 117,121 08/17/1999 11/05/1999 11/12/1999 Wheat 11/05/1999 07/07/1999 128 0.098 0.098 0.074 
I 124.800 0.133 0.133 0.085 ·- ~----
321 L. Tenn 1 174,177 08/17/1999 03/15/2000 03/1612000 Wheat 103/1512000 07107/1999 253 0.147 0.147 0.074 
333 L. Term 1 174,177 08/17/1999 03/15/2000 03/17/2000 Wheat !03/15/2000 07/07/1999 254 0.098 0.098 0,051 
392 L. Term 1 174,177 08/17/1999 03/1512000 03/24/2000 Wheat 103/15/2000. 07/07/1999 261 0.151 0.151 0.086 
364 L. Term 1 174,177 08/17/1999 03/15/2000 04/12/2000 Wheat 103/15/2000 07/07/1999 280 0.295 0.295 0.106 
I 262.000 0.173 0.173 0.079 
350 L. Tenn 2 175,178 08/17/1999 03/15/2000 03/16/2000 Wheat 03/15/2000 07/07/1999 253 0.102 0.102 0.061 
387 L. Term 2 175178 08/17/1999 03/15/2000 03/28/2000 Wheat 03/15/2000 07/07/1999 265 0.169 0.169 0.079 
347 L. Term 2 175,178 0811711999 03/1512000 04/13/2000 Wheat 03/15/2000 07107/1999 281 0.081 0.081 0.050 
359 L. Term 2 175178 0811711999 03/1512000 04/13/2000 Wheat 03/15/2000 07107/1999 281 0.124 0.124 0.065 
•·- 397 L. Term 2 175,178 08/17/1999 03/15/2000 04/13/2000 Wheat 03/15/2000 07/07/1999 281 0.152 0.152 0.061 I 272.200 0.126 0.126 0,063 
84 
424!L. Tern,·+·-·· 3 176,179 08/17/1999 03/15/2000 03/16/2000 Wheat • 03/15/2000 07/07/1999 253 0.124 0.124 0.065 
395 L. Tern, 3 176,179 08/17/1999 03/15/2000 03/23/2000 Wheat 03/15/2000 07/07/1999 260 0.200 0.200 0.129 
378 L. Term ' 3 176,179 08/17/1999 03/15/2000 03/27/2000 Wheat 03/15/2000 07/07/1999 264 0,144 0.144 0.072 
400 L. Tern, 3 176,179 08/17/1999 03/15/2000 03/28/2000 Wheat 03/15/2000 07/07/1999 265 0.167 0.167 0.051 
398 L. Tern, 3 176,179 08/17/1999 03/15/2000 04/14/2000 Wheat 03/15/2000 07/07/1999 282 0.157 0.157 0.098 
264.800 0.158 0.158 0.083 
' 
~-hJ~~---- ----- 1 247,250 08/17/1999, 06/07/2000 06/12/2000 Wheat 06/07/2000 07/07/1999 341 0.070 0.070 0.047 
332 L. Tern, 1 247,250 08/17/1999, 06/07/2000 06/12/2000 Wheat 06/07/2000 07/07/1999 341 0.072 0.072 0.053 
394 L. Tern, 1 247,250 08/17/1999 06/07/2000 06/13/2000 Wheat 06/07/2000 07/07/1999 342 0.108 0.108 0.071 
322 L. Tern, 1 247,250 08/17/1999 06/07/2000 06/26/2000 I Wheat 06/07/2000 07/07/1999 355 0.152 0.152 0.075 
355 L. Tern, 1 247,250 08/17/1999 06/07/2000 07/03/2000: Wheat 06/07/2000 07/07/1999 362 0.052 0.052 0.041 
348.200 0.091 0.091 0.058 ~---- ------
358 L Term 2 248,251 08/17/1999 06/07/2000 06/19/2000 Wheat 06/07/2000 07/07/1999 348 0.103 0.103 0.070 
370 L. Tern, 2 248,251 08/17/1999 06/07/2000 06/19/2000 Wheat 06/07/2000 07/07/1999 348 0.187 0.187 0.136 
330 L Term 2 248,251 ;08/17/1999 06/07/2000 06/26/2000 Wheat 06/07/2000 07/07/1999 355 0.056 0.056 0.039 
385•L. Tern, 2 248,251 08/17/1999 06/07/2000 07/03/2000 Wheat 06/07/2000 07/07/1999 362 0.085 0.085 0.070 -~-; ---- ---- i 353.250 0.108 0.108 0.079 
348 L. Tern, 3! 249,252 08/17/1999 06/07/2000 06/14/2000 Wheat 06/07/2000 07/07/1999 343 0.089 0.089 0.062 
426 L. Term 3i 249 252 08/17/1999 06/07/2000 06/19/2000 Wheat 06/07/2000 07/07/1999 348 0.072 0.072 0.046 
414 L. Term 3 249,252 08/17/1999 06/07/2000 06/26/2000 Wheat 06/07/2000 07/07/1999 355 0.150 0.150 0.088 
413 L. Tern, 3 249,252 08/17/1999 06/07/2000 07/03/2000 Wheat 06/07/2000 07/07/1999 362 0.085 0.085 0.065 
352.000 0.099 0.099 0.065 
.. ----
431 L. Term 1 302,305 08/16/1999 08/16/2000 08/29/2000 Wheat 08/16/2000 07/07/1999 419 0.091 0.091 0.056 
484 L. Tern, 1 302,305 08/16/1999 08/16/2000 08/29/2000 Wheat 08/16/2000 07/07/1999 419 0.099 0.099 0.064 
463 L. Term 1 302,306 08/16/1999 08/16/2000 09/05/2000 Wheat 08/16/2000, 07/07/1999 426. 0.022 0.022 O.Q18 -
438 L. Tern, 1 302,306 08/16/1999 08/16/2000 09/07/2000 Wheat 08/16/2000 07/07/1999 428 0.064 0.064 0.043 
423.ooo I 0.069 0.069 0.045 
473 L. Term 2 303,307 08/16/1999 08/16/2000 08/21/2000 Wheat 08/16/2000 07/07/1999 411 0.088 0.088 0.071 
481 L. Tern, 2 303,307 08/16/1999 08/16/2000 08/21/2000 Wheat 08/16/2000 07/07/1999 411 0.057 0.057 0.034 
411.000 0.073 0.073 0.053 ··-
440 L. Term 2 304,307 08/16/1999 08/16/2000 08/28/2000 Wheat 08/16/2000 07/07/1999 418 0.061 0.061 0.052 
479 L. Term I 2 304,307 08/16/1999 08/16/2000 08/29/2000 Wheat 08/16/2000 07/07/1999 419 0.023 0.023 0.016 
477 L. Tern, 2 304,307 08/16/1999 08/16/2000 09/07/2000 Wheat I 08/16/2000 07/07/1999 428 0.103 0.103 0.057 
I ! I 421.667 0.062 0.062 0.042 
42 sort 1 122,125,128 NA NA 11/12/1999 Com 11/05/1999 09/24/1999 49 0.513 0.325 0.096 
137 sort 1 122,125,128 NA NA 11/13/1999 Com 11/05/1999 09/24/1999 50 0.475 0.326 0.114 
495 sort 1 122,125,128 NA NA 11/21/1999,Com 11/05/1999 09/24/1999 58 0.292 0.292 0.089 
90 sort 1 122,125,128 NA NA 11/22/1999 Com 11/05/1999 09/24/1999 59 0.350 0.299 0.071 
41 sort 1 122,125,128 NA NA 12/01/1999 Com 11/05/1999 09/24/1999 68 0.263 0.193 0.046 
56.800 0.379 0.287 0.083 
55 sort 2 123,126 129 NA NA 10/20/1999 Com ! 11/05/1999 09/24/1999 26 0.371 0.267 0.089 
145 sort 2 123,126,129 NA NA 11/09/1999 Com •11/05/1999 09/24/1999 46 0.374, 0.327 0.127 
131 sort 2 123,126,129 NA NA 11/14/1999 Corn 11/05/1999 09/24/1999 51 0.420 0.331 0.100 
499 sort 2 123,126129 NA NA 11/20/1999 I Com 11/05/1999 09/24/1999 57 0.487 0.459 0.069 
129 sort 2 123,126,129 NA NA 11/22/1999 i Com 11/05/1999 -09/24/1999 59 0.486 0.371 0.064 .. 
i 47.800 0.428 0.351 0.090 
142 sort 3 124127,130 NA NA 10/25/1999 Com 11/05/1999 09/24/1999 31 0.158 0.146 0.058 
128 sort 3 124,127,130 NA NA 11/14/1999 Com 11/05/1999 09/24/1999 51 0.547 0.447 0.118 
501.sort 3 124,127,130INA NA 11/20/1999 Com 11/05/1999 09/24/1999 57 0.301 0.287 0.128 
504 :sort 3 124,127,130'NA NA 11/20/1999 Com 11/05/1999 09/24/1999 57 0.261 0.251 0.061 
140'sort 3 124,127,130 NA NA 11/21/1999 Com 11/05/1999 09/24/1999 58 0.293 0.293 0.081 
70 sort 3 124127,130 NA NA 12/02/1999 Com 11/05/1999' 09/24/1999 69 0.388 0.332 0.031 
53.833 0.325 0.293 0.080 ~-
i I 
100 L. Term 1 199,202,205 11/05/1999 03/15/2000 03/18/2000 I Com 03/15/2000 09/24/1999 176 0.242 0.212 0.058 
9 L. Tern, 1 199,202,205 11/05/1999 03/15/2000 03/28/2000 Com 03/15/2000 09/24/1999 186 0.472 0.373 0.104 
147 L. Term 1 ! 199,202,205 11/05/1999 03/15/2000 03/29/2000 Com 03/15/2000 09/24/1999 187 0.216 0.195 0.067 
27 L. Term 1 199,202,205 11/05/1999 03/15/2000 03/31/2000 Com 03/15/2000 09/24/1999 189 0.240 0.199 0.040 
144 L. Tern, 1 199,202,205 11/05/1999 03/15/2000 04/11/2000 Com 103/15/2000 09/24/1999 200 0.235 0.235 0.071 
I 187.600 0.281 0.243 0.068 
117 L. Term 2 200,203,206 11/05/1999 03/1512000 03/18/2000 Com 03/15/2000 09/24/1999 176 0.267 0.249 0.081 
12 L. Term 2 200,203,206 11/05/1999 03/15/2000 03/20/2000 Com 03/15/2000 09/24/1999 178 0.306 0.256 0.064 
143 L.-Term 2 200,203,206 11/05/1999 03/15/2000 03/29/2000 Com 03/15/2000 09/24/1999 187 0.172 0.172 0.042 
111 L. Term 2 200,203,206 11/05/1999 03/15/2000 03/31/2000 Com 03/15/2000 09/24/1999 189 0.294 0.224 0.068 
127 L. Tern, 2 200,203,206 11/05/1999 03/15/2000 04/11/2000 Com 03/15/2000 09/24/1999 200 0.217 0.184 0.055 
186.000 0.251 0.217 0.062 
84 L. Tern, 3 201,204,207 11/05/1999 03/15/2000 03/18/2000 Com 03/15/2000 09/2411999 176 0.197 0.197 0.064 
94 L. Tern, 3 201,204,207 11/05/1999 03115/2000 03/18/2000 Com 03/15/2000 09/24/1999 176 0.230 0.210 0.056 
13 L. Term 3 201,204 207 11/0511999 03115/2000 04/1012000 Com 03/1512000 09/24/19991 199 0.325 0.256 0.060 
107 L. Tern, I 3 201,204,207 11/05/1999 03/15/2000 04/10/2000 Com 03/15/2000 09124/1999 199 0.156 0.156 0.067 
136 L. Tern, I 3 201,204,207 11/05/1999 03/15/2000 04/10/2000 Corn 03/1512000 09/24/1999 199 0.179 0.179 0.057 
189.800 0.217 0.200 0.061 
85 
31 L. Tenn 1 272,275,278 11/05/1999 06/07/2000 06/09/2000 Com 06/07/2000 09/24/1999 259 0.215 0.181 0.061 
59 L. Tenn 1 272.275,278 11/05/1999 06/07/2000 06/09/2000 Com 06/07/2000 09/24/1999 259 0.173 0.151 0.080 
14 L. Tenn 1 272,275,278 11/05/1999 06/07/2000 06/15/2000 Com 06/07/2000 09/24/1999 265 0.175 0.144 0.058 
56 L. Tenn 1 272,275,278 11/05/1999 06/07/2000 06/22/2000 Com 06/07/2000 09/24/1999 272 0.223 0.211 0.088 
80 L. Tenn 1 272,275,278 11/05/1999 06/07/2000 06/27/2000 Com 06/07/2000 09/24/1999 277 0.283 0.222 0.071 
266.400 0.214 0.182 0.072 
96 L. Tenn 2 273,276,279 11/05/1999 06/07/2000 06/22/2000 Com 06/07/2000 09/24/1999 272 0.201 0.155 0.052 
148 L. Term 2 273,276,279 11/05/1999 06/07/2000 06/27/2000 Com 06/07/2000 09/24/1999 277 0.154 0.116 0.042 
47 L. Tenn 2 273,276,279 11/05/1999 06/07/2000 06/28/2000 Com 06/07/2000 09/24/1999 278 0.270 0.257 0.114 
6 L. Term 2 273,276,279 11/05/1999 06/07/2000 06/29/2000 Com 06/07/2000 09/24/1999 279 0.353 0.275 0.079 
276.500 0.245 0.201 0.072 
45 L. Tenn 3 274,277,280 11/05/1999 06/07/2000 06/16/2000 Com 06/07/2000 09/24/1999 266 0.325 0.259 0.082 
88 L. Tenn 3 274,277,280 11/05/1999 06/07/2000 06/27/2000 Com 06/07/2000 09/24/1999 277 0.284 0.222 0.075 
53 L. Tenn 3 274,277 280 11/05/1999 06/07/2000 06/28/2000 Com 06/07/2000 09/24/1999 278 0.209 0.187 0.045 
54 L. Tenn 3 274,277,280 11/05/1999 06/07/2000 06/29/2000 Com 06/07/2000, 09/24/1999 279 0.290 0.186 0.068 
' 275.000 0.277 0.214 0.068 
29 L. Term 1 327,330,333 11/05/1999 08/16/2000 08/21/2000 Com 08/16/2000 09/24/1999 332 0.137 0.114 0.067 
65 L. Tenn 1 327,330,333 11/05/1999 08/16/2000 08/23/2000 Com 08/16/2000 09/24/1999 334 0.206 0.137 0.070 
73 L. Term 1 327,330,333 11/05/1999 08/16/2000 09/05/2000 Com 08/16/2000 09/24/1999 347 0.130 0.101 0.054 
141 L. Term 1 327,330,333 11/05/1999 08/16/2000 09/05/2000 iCom 08/16/2000 09/24/1999 347 0.197 0.158 0.053 
103 L. Term 1 327,330,333 11/05/1999 08/16/2000 09/06/2000 Com 08/16/2000 09/24/1999 348 0.106 0.083 0.049 
0.155 0.119 0.059 
2 L. Term 2 328,331,334 11/05/1999 08/16/2000 08/23/2000 Com 08/16/2000 09/24/1999 334 0.093 0.093 0.044 
138 L. Term 2 328,331,334 11/05/1999 08/16/2000 08/28/2000 Com 08/16/2000 09/24/1999 339 0.166 0.135 0.084 
133 L. Tenn 2 328,331 ,334 11/05/1999 08/16/2000 09/05/2000 Com 08/16/2000 09/24/1999 347 0.157 0.132 0.064 
11 L. Term 2 328,331,334 11/05/1999 08/16/2000 09/06/2000 Com 08/16/2000 09/24/1999 348 0.186 0.142 0.054 
0.150 0.125 0.062 
' 
86 L. Term 3 329,332,335 11/05/1999 08/16/2000 08/28/2000 Com 08/16/2000 09/24/1999 339 0.282 0.229 0.071 
3 L. Term 3 329,332,335 11/05/1999 08/16/2000 09/07/2000 Com 08/16/2000 09/24/1999 349 0.369 0.217 0.096 
101 L. Term 3 329 332,335 11/05/1999 08/16/2000 09/07/2000 Com 08/16/2000 09/24/1999 349 0.166 0.139 0.053 
146 L. Term 3 329,332,335 11/05/1999 08/16/2000 09/08/2000 Com 08/16/2000 09/24/1999 350 0.267 0.189 0.066 
346.750 0.271 0.193 0.072 
20 L. Term 1 360,363,366 06/07/2000 11/06/2000 11/07/2000 Com 11/06/2000 09/24/1999 410 0.132 0.113 0.063 
510 L. Term 1 360,363,366 06/07/2000 11/06/2000 11/08/2000 Com 11/06/2000 09/24/1999 411 0.092 0.081 O.Q47 
506 L. Term 1 360,363,366 06/07/2000 11/06/2000 11/09/2000 Com 11/06/2000 09/24/1999 412 0.194 0.164 0.041 
104 L. Term 1 360 363,366 06/07/2000 11/06/2000 11/15/2000 Com , 11/06/2000 09/24/1999 418 0.168 0.148 0.052 
505 L. Term 1 360,363,366 06/07/2000 11/06/2000 11/15/2000 Com , 11/06/2000 09/24/1999 418 0.136 0.114 0.037 
I 413.800 0.144 0.124 0.048 
51 L. Term 2 361,368,365 06/07/2000 11/06/2000 11/08/2000 Com 11/06/2000 09/24/1999 411 0.102 0.089 0.039 
134 L. Term 2 361,368,365 06/07/2000 11/06/2000 11/10/2000 Com 11/06/2000 09/24/1999 413 0.077 0.071 0.037 
63 L. Term 2 361,368,365 06/07/2000 11/06/2000 11/13/2000 Com 11/06/2000 09/24/1999 416 0.169 0.137 0.053 
109 L. Term 2 361,368,365 06/07/2000 11/06/2000 11/14/2000 Com 11/06/2000 09/24/1999 417 0.094 0.083 0.035 
116 L. Term 2 361,368,365 06/07/2000 11/06/2000 11/14/2000 Com 11/06/2000 09/24/1999 417 0.205 0.153 0.039 
414.800 0.129 0.107 0.041 
497 L. Term 3 362,365,368 06/07/2000 11/06/2000 11/07/2000 Com 11/06/2000 09/24/1999 410 0.071 0.063 0.031 
130 L. Term 3 362,365,368 06/07/2000 11/06/2000 11/09/2000 Com 11/06/2000 09/24/1999 412 0.134 0.118 0.046 
132 L Tern, 3 362,365,368 06/07/2000 11/06/2000 11/09/2000 Com 11/06/2000 09/24/1999 412 0.178 0.111 0.040 
503 L. Term 3 362,365,368 06/07/2000 11/06/2000 11/10/2000 Com 11/06/2000 09/24/1999 413 0.267 0.219 0.061 
411.750 0.163 0.128 0.044 
86 
: 
: I 
: 
! I I 
AFDTo_t;II_ AFD Total %N %C %-N %C %N %C Total Total Total Total Total Core#-- Fine Root -·-- Coarse Root Fraament Fraoment Fine Fine Coarse Coarse N N C C C:N 
Mass 
(Q) (Q) (a Ni 100g roots) ra Nl I la Ni 100a roots) (gC) 
i --- ----- - --· ---------- I 
169.000 0.312 0.051 0.017391 0.409635 0.015891 0.433984 0.010614 0.48626 
206.000 0.116 0.1333 0.017391 0.409635 0.015891 0.433984 0.010614 0.48626 
163.000 0.290 0.046 0.017391 0.409635 0.015891 0.433984 0.010614 0.48626 I 
287.000 0.198 0.2267 0.017391 0.409635 0.015891 0.433984 0.010614 0.48626 I 
310.000 0.183 0.1714 0.017391 0.409635 0.015891 0.433984 0.010614 0.48626 
0.2198 0.1257 0.0174 0.4096 ··0-:0159 0.4340 0.0106 0.4863 1.538968703 0.009084965: 43.50150429 0.256801614 28.2666595 
' 209.000 0.259 0.1623 0.016228 0.368813 0.015566 0.436993 0.011399 0.48656 
216.000 0.282 0.2213 0.016228 0.368813 0.015566 0.436993 0.011399 0.48656 , 
187.000 0.342 0.0390 0.016228 0.368813 0.015566 0.436993 0.011399 0.48656 , 
284.000j 0.314 0.1641 0.016228 0.368813 0.015566 0.436993 0.011399 0.48656 i 
293.000. 0.265 0.0508 0.016228 0.368813 0.015566 0.436993 0.011399 0.48656 
264.000: 0.495 0.0626 0.016228 0.368813 0.015566 0.436993 0.0113991 0.48656 I 
0.3261 0.1167 0.0162 0.3688 0.0156 0.4370 0.0114 i 0.4866 1.499859673 0.009507638 42.55557427 0.269760571 28.3730372 --- :· 
' I 
199.000! 0.351 0.0426 0.01594 0.362105 0.015603 0.447637 0.01146: 0.49187 
266.000 i 0.311 0.2231 0.01594 0.362105 0.015603 0.447637 0.01146 0.49187 ' . -
232.000! 0.263 0.0290 0.01594 0.362105 0.015603 0.447637 0.01146 0.49187 
254.000i 0.265 0.1614 0.01594 0.362105 0.015603 0.447637 0.01146 0.49187 i 
308.000 0.382 0.4462 0.01594 0.362105 0.015603 0.447637- 0.01146 0.49187 
249.000 0.378 0.2240 0.01594 0.362105 0.015603 0.447637 0.01146 0.49187 
0.3249 0.1877 0.0159 0.3621 0.0156 0.4476 0.0115 0.4919 1.470070244 0.011274562 43.01000055 0.329861065 29.2571057 
152.000 0.320 0.0290 0.016187 0.355322 0.013493 0.389607 0.008969 0.48341 
252.000 0.262 0.1369 0.016187 0.355322 0.013493 0.389607 0.008969 0.48341 
185.000 0.312 0.0988 0.016187 0.355322 0.0134931 0.389607 0.008969 0.48341 
271.000 0.214 0.0127 0.016187 0.355322 0.0134931 0.389607 0.008969 0.48341 
295.000 0.338 0.1895 0.016187 0.355322 0.0134931 0.389607 0.008969 0.48341 
0.2890 0.0934 0.0162 0.3553 0.0135 I 0.3896 0.0090 0.4834 1.358519442 0.00758582 39.44935116 0.22028075 29.0384885 
I 
168.000 0.285 0.2367 0.016326 0.354134 0.0131551 0.436222 0.008307 0.47296 
309.000 0.209 0.0263 0.016326 0.354134 0.0131551 0.436222 0.008307 0.47296 
312.000 0.290 0.0644 0.016326 0.354134 0.013155! 0.436222 0.008307 0.47296 
193.000 0.143 0.0336 0.016326 0.354134 0.013155 0.436222 0.008307 0.47296 
224.000 0.260 0.1342 0.016326 0.354134 0.013155 0.436222 0.008307 0.47296 
0.2376 0.0990 0.0163 0.3541 0.0132 0.4362 0.0083 0.4730 1.32614987 0.006698007 41.60546272 0.210137408 31.3731228 
' 275.000 0.404 0.0508 0.015666 0.3616541 0.015931 0.503263 0.008763 0.47628 
172.000 0.342 0.0154 0.015666 0.3616541 0.015931 0.503263 0.008763 0.47628 
315.000 0.278 0.1043 0.015666 0.361654 0.015931 0.503263 0.008763 0.47628 
160.000 0.317 0.1197 0.015666 0.361654 0.015931 0.503263 0.008763 0.47628 
192.000 0.206 0.1542 0.015666 0.361654 0.015931 0.503263 0.008763 0.47628 I 
0.3093 0.0889 0.0157 0.3617 0.0159 0.5033 0.0088 0.4763 1.476624725 0.008723887 45.30329217 0.267651481 30.6803018 
.. - --
227.000 0.189 0.019 0.016272 0.376569 0.013122 0.445012 0.009623 0.47825 
175.000 0.1781 0.044 0.016272 0.376569 0.013122 0.445012 0.009623 0.47825 
0.183 I 0.031 0.016 0.377 0.013 0.445 0.010 0.478 1.38061402 0.004399736 42.59476876 0.1357 40858 30.8520471 
285.000 0.352 0.051 0.0164221 0.381675 0.01321 0.448541 0.008883 0.48734 I 
299.000 0.305 0.000 0.016422 0.381675 0.01321 0.448541 0.008883 0.48734 -----
186.000 0.344 0.084 0.016422 0.381675 0.01321 0.448541 0.008883 0.48734 
0.334 0.045 0.016 0.382 0.013 0.449 1 0.009 i 0.487 1.365888121 0.006975755 43.46764816 0.221994518 31.8237252 
·-----
0.445012+ 0.009623i 0.47825 195.000 0.210 0.039 0.016272 0.376569 0.013122 
205.000 0.286 0.018 0.016272 0.376569 0.013122 0.445012 0.009623 I 0.47825 
223.000 0.271 0.248 0.016272 0.376569 0.013122 0.445012 0.009623 1 0.47825 
0.256 --o:-i02 - 0.016 0.377 0.013 0.445 0.010 0.478 1.328246634 0.006579513 43.27541317 0.214366154 32.5808566 
i 
159.000 0.362 0.095 0.016534 0.377422 0.013609 0.42238 0.009138[ 0.48179 
217.000 0.282 0.067 0.016534 0.377422 0.013609 0.42238 0.009138 0.48179 
283.000 0.623 0.190 0.016534 0.377422 0.013609 0.42238 0.009138 0.48179 
0.422 0.118 0.017 0.377 0.014 0.422 0.009 0.482 1.33259891 0.008741871 42.50605668 0.278840438 31.897112 
218.000 0.200 0.043 0.015285 0.354744 0.013391 0.391432 0.008973 0.48138 
222.000 0.302 0.000 0.015285 0.354744 0.013391 0.391432 0.008973 0.48138 
238.000 0.363 0.017 0.015285 0.354744 0.013391 0.391432 0.008973 0.48138 
215.000 0.245 0.000 0.015285 0.354744 0.013391 0.391432 0.008973 0.48138 
0.278 0.015 0.015 0.355 0.013 0.391 0.009 0.481 1.365577544 0.005199526 38.64809841 0.147155154 28.3016505 
197.000 0.315 0.027 0.016089 0.376773 0.015055 0.44219 i 0.00927 4 0.48226 
153.000 0.313 0.071 0.016089 0.376773 0.015055 0.44219, 0.009274 0.48226 I 
204.000 0.428 0.000 0.016089 0.376773 0.015055 0.44219, 0.009274 0.48226 
~o_ 0.268 0.019 0.016089 0.376773 0.015055 0.44219 i 0.00927 4 0.48226 : 
0.331 0.029 0.016 0.377 0.015 0.442 0.009 • 0.482 1.493489039 0.007006598 42.95030365 0.201498301 28.7583655 
87 
211.000 0.248 0.000 0.017073 0.384508 0.014323 0.435446 0.009138 0.47819 
190.000 0.335 0.034 0.017073 0.384506 0.014323 0.435446 0.009138 0.47819 
203.000 0.241 0.065 0.017073 0.384508 0.014323 0.435446 0.009138 0.47819 
194.000 0.334 0.073 0.017073 0.384508 0.014323 0.435446 0.009138 0.47819 
0.290 0.043 0.017 0.385 0.014 0.435 0.009 0.478 1.44 7052325 0.006317319 42. 7 4859237 0.186625231 29.5418428 
176.000 0.340 0.075 0.01568 0.383898 0.013683 0.440143 0.008412 0.47901 
281.000 0.406 0.015 0.01568 0.383898 0.013683 0.440143 0.008412 0.47901 
236.000 0.409 0.059 0.01568 0.383898 0.013683 0.440143 0.008412 0.47901 
248.000 0.237 0.000 0.01568 0.383898 0.013683 0.440143 0.008412 0.47901 
279.000 0.339 0.043 0.01568 0.383898 0.013683 0.440143 0.008412 0.47901 
0.346 0.038 0.016 0.384 0.014 0.440 0.008 0.479 1.369576356 0.006701948 43.1169104 0.210990286 31.4819325 
189.000 0.252 0.000 0.015469 0.388992 0.013757 0.425399 0.008282 0.45524 
151.000 0.217 0.045 0.015469 0.388992 0.013757 0.425399 0.008282 0.45524 
179.000 0.219 0.070 0.015469 0.388992 0.013757 0.425399 0.008282 0.45524 
196.000 0.274 0.009 0.015469 0.388992 0.013757 0.425399 0.008282 0.45524 
202.000 0.361 0.042 0.015469 0.388992 0.013757 0.425399 0.008282 0.45524 
0.264 0.033 0.015 0.389 0.014 0.425 0.008 0.455 1.366102403 0.005223411 41.9922651 0.160561072 30.7387389 
184.000 0.282 0.000 0.015469 0.388992 0.013757 0.425399 0.008282 0.45524 
300.000 0.334 0.000 0.01665 0.390595 0.013851 0.434428 0.008518 0.46456 
267.000 0.196 0.057 0.01665 0.390595 0.013851 0.434428 0.008518 0.46456 
158.000 0.300 0.000 0.01665 0.390595 0.013851 0.434428 0.008518 0.46456 
210.000 0.296 0.079 0.01665 0.390595 0.013851 0.434428 0.008518 0.46456 
0.281 0.027 0.016 0.390 0.014 0.433 0.008 0.463 1.411193882 0.005779372 42.41899182 0.173721805 30.0589397 
181.000 0.357 0.043 0.01498 0.362328 0.01328 0.417258 0.008697 0.46391 
305.000 0.343 0.000 0.01498 0.362328 0.01328 0.417258 0.008697 0.46391 
198.000 0.255 0.082 0.01498 0.362328 0.01328 0.417258 0.008697 0.46391 
313.000 0.192 0.151 0.01498 0.362328 0.01328 0.417258 0.008697 0.46391 
0.287 0.069 0.015 0.362 0.013 0.417 0.009 0.464 1.294370462 0.005840716 41.26711252 0.186213674 31.881995 
363.000 0.152 NA 0.018256 0.296082 0.017474 0.332402 NA NA 
402.000 0.116 NA 0.018256 0.296082 0.017474 0.332402 NA NA 
344.000 0.063 NA 0.018256 0.296082 0.017474 0.332402 NA NA 
331.000 0.116 NA 0.018256 0.296082 0.017474 0.332402 NA NA 
390.000 0.088 NA 0.018256 0.296082 0.017474 0.332402 NA NA 
0.107 #DIV/OJ 0.018 0.296 0.017 0.332 #DIV/OJ #DIV/OJ 1.794727175 0.004868552 31.0416648 0.084206655 17.2960354 
486.000 0.209 NA 0.017134 0.271167 0.015493 0.369824 NA NA 
474.000 0.135 NA 0.017134 0.271167 0.015493 0.369624 NA NA 
323.000 0.092 NA 0.017134 0.271167 0.015493 0.369824 NA NA 
326.000 0.082 NA 0.017134 0.271167 0.015493 0.369824 NA NA 
480.000 0.101 NA 0.017134 0.271167 0.015493 0.369824 NA NA 
446.000 0.085 NA 0.017134 0.271167 0.015493 0.369824 NA NA 
0.117 #DIV/OJ 0.017 0.271 0.015 0.370 #DJV/0/ #DJV/0I 1.649168247 0.004945273 30.97679311 0.092888468 18.7832825 
489.000 0.103 NA 0.014552 0.273761 0.01618 0.363337 NA NA 
354.000 0.134 NA 0.014552 0.273761 0.01618 0.363337 NA NA 
325.000 0.126 NA 0.014552 0.273761 0.01618 0.363337 NA NA 
411.000 0.076 NA 0.014552 0.273761 0.01618 0,363337 NA NA 
336.000 0.056 NA 0.014552 0.273761 0.01618 0.363337 NA NA 
0.099 #DIV/OJ 0.015 0.274 0.016 0.363 #DIV/OJ #DJV/01 1.516977029 0.003958642 30.77594763 0.080311669 20.287682 
371.000 0.034 NA 0.015966 0.295422 0.017101 0.273476 NA NA 
403.000 0.051 NA 0.015966 0.295422 0.017101 0.273476 NA NA 
377.000 0.089 NA 0.015966 0.295422 0.017101 0.273476 NA NA 
389.000 0.219 NA 0.015966 0.295422 0.017101 0.273476 NA NA 
0.098 #DIV/0I 0.016 0.295 0.017 0.273 #DIV/0I #DIV/0I 1.65418641 0.003202318 28.42864235 0.055034645 17.1858759 
357.000 0.115 NA 0.013277 0.231896 0.018318 0.283799 NA NA 
373.000 0.094 NA 0.013277 0.231896 0.018318 0.283799 NA NA 
409.000 0.347 NA 0.013277 0.231896 0.018318 0.283799 NA NA 
380.000 0.113 NA 0.013277 I 0.231896 0.018318 0.283799 NA NA 
0.167 #DIV/0I I 0.013 0.232 0.018 0.284 #D/V/0I #DIV/0I 1.643536563 0.00438577 26.44151583 0.070559071 16.0881823 
335.000 0.0831 NAI o.018136 0.370708 0.019466 0.310583 NA NA 
410.000 0.111 NA 0.018136 0.370708 0.019466 0.310583 NA NA 
0.097 #DIV/0I 0.018 0.371 0.019 0.311 #DIV/Of #DIV/Of 1.870063946 0.004293765 34.52001455 0.079259758 18.4592696 
356.000 0.054 NA 0.020519 0.384797 0.022782 0.372867 NA NA 
407.000 0.074 NA 0.020519 0.384797 0.022782 0.372867 NA NA 
340.000 0.022 NA 0.020519 0.384797 0.022782 0.372867 NA NA 
381.000 0.061 NA 0.020519 0.384797 0.022782 0.372867 NA NA 
404.000 0.025 NA 0.020519 0.384797 0.022782 0.372867 NA NA 
0.047 #DIV/DI 0.021 0.385 0.023 0.373 #DIV/0! #DJV/0I 2.132370076 0.002827656 38.05554658 0.050464025 17.8465957 
321.000 0.073 NA 0.019945 0.361934 0.0196 0.314483 NA NA 
333.000 0.047 NA 0.019945 0.361934 0.0196 0.314483 NA NA 
392.000 0.065 NA 0.019945 0.361934 0.0196 0.314483 NA NA 
364.000 0.190 NA 0.019945 0.361934 0.0196 0.314483 NA NA 
0.094 #DIV/OJ 0.020 0.362 0.020 0.314 #DIV/OJ #DIV/0I 1.975782078 0.003412482 33.61846723 0.05806431 17.0152709 
350.000 0.041 NA 0.015955 0.335838 0.019222 0.339542 NA NA 
387.000 0.090 NA 0.015955 0.335838 0.019222 0.339542 NA NA 
347.000 0.031 NA 0.015955 0.335838 0.019222 0.339542 NA NA 
359.000 0.059 NA 0.015955 0.335838 0.019222 0.339542 NA NA 
397.000 0.091 NA 0.015955 0.335838 0.019222 0.339542 NA NA 
0.062 #DIV/OJ 0.016 0.336 0.019 0.340 #DIV/OJ #DJV/0I 1. 757803832 0.002207215 33.76778924 0.042401078 19.2102148 
88 
424.000 0.058 NA 0.017429 0.360237 0.018382 0.310674 NA NA 
395.000 0.071 NA 0.017429 0.360237 0.018382 0.310674 NA NA 
378.000 0.072 NA 0.017429 0.360237 0.018382 0.310674 NA NA 
400.000 0.116 NA 0.017429 0.360237 0.018382 0.310674 NA NA 
398.000 0.059 NA 0.017429 0 .360237 0.018382 0.310674 NA NA 
0.075 #DIV/OJ 0.017 0.360 0.018 0.311 #DIV/OJ #DIV/Of 1. 788246499 0.002830954 33.66596777 0 .053296229 18.8262456 
329.000 0.023 NA 0.02048 0.368243 0.019507 0.317554 NA NA 
332.000 0.019 NA 0.02048 0.368243 0.019507 0.317554 NA NA 
394.000 0.037 NA 0 .02048 0.368243 0.019507 0.317554 NA NA 
322.000 0.077 NA 0.02048 0.368243 0.019507 0.317554 NA NA 
355.000 0.011 NA 0 .02048 0.368243 0.019507 0.317554 NA NA 
0.033 #DIV/OJ 0.020 0.368 0.020 0.318 #DIV/Of #DIV/Of 2.012404378 0.001828467 34.97029707 0.03177395 17.3773708 
358.000 0.034 NA 0.019683 0.380044 0 .016998 0.280595 NA NA 
370.000 0.051 NA 0.019683 0.380044 0.016998 0.280595 NA NA 
330.000 0.017 NA 0.019683 0.380044 0.016998 0.280595 NA NA 
385.000 0.016 NA 0.019683 0.380044 0.016998 0.280595 NA NA 
0.029 #DIV/Of 0.020 0.380 0.017 0.281 #DIV/Of #DIV/Of 1.895486133 0 .002044185 35.3058931 0.038075598 18.6262999 
348.000 0.027 NA 0.018683 0.390287 0.018898 0.33644 NA NA 
426.000 0.026 NA 0.018683 0.390287 0.018898 0.33644 NA NA 
414.000 0.062 NA 0.018683 0.390287 0 .018898 0.33644 NA NA 
413.000 0.020 NA 0.018683 0.390287 0 .018898 0.33644 NA NA 
0.034 #DIV/0! 0.019 0.390 0.019 0.336 #DIV/OJ #DIV/Of 1.875621611 0.001857717 37.19300476 0.036837957 19.8296951 
431 .000 0.035 NA 0 .0184 0.304405 0.018506 0.367924 NA NA 
484.000 0.035 NA 0.0184 0.304405 0.018506 0.367924 NA NA 
463.000 0.004 NA 0.0184 0.304405 0.018735 0.36518 NA NA 
438.000 0.020 NA 0.0184 0.304405 0.018735 0.36518 NA NA 
0.024 #DIV/OJ 0.018 0.304 0.019 0.367 #DIV/Of #DIV/Of 1.847600993 0.001274169 32.57966529 0.022468053 17.6334963 
473.000 0.017 NA 0.020096 0.324289 0.020649 0.386741 NA NA 
481 .000 0.023 NA 0.020096 0.324289 0.020649 0 .386741 NA NA 
0.020 #D/V/01 0.020 0.324 0.021 0.387 #DIV/01 #DIV/Of 2.024792349 0.001475093 34.14811576 0.024877 438 16.8649964 
440.000 0.010 NA 0 .020218 0 .330202 0.020649 0.386741 NA NA 
479.000 0.007 NA 0.020218 0.330202 0.020649 0.386741 NA NA 
477.000 0.046 NA 0.020218 0.330202 0.020649 0.386741 NA NA 
0.021 #DIV/Of 0.020 0.330 0.021 0.387 #DIV/01 #DIV/01 2.036125788 0.001272236 34.89659229 0.021804501 17.1387212 
42.000 0.229 0 .189 0.018392 0.298734 0.017315 0.331721 0.012398 0.42798 
137.000 0.212 0.149 0.018392 0.298734 0.017315 0.331721 0.012398 0.42798 
495.000 0.202 0.000 0.018392 0.298734 0.017315 0.331721 0.012398 0.42798 
90.000 0.228 0.051 0.018392 0.298734 0 .017315 0.331721 0.012398 0.42798 
41.000 0.146 0.071 0.018392 0.298734 0.017315 0.331721 0.012398 0.42798 
0.204 0.092 0.018 0.299 0.017 0.332 0.012 0.428 1.635849763 0.006197608 34.78230516 0.131776827 21 .2625303 
55.000 0.178 0.105 0.017744 0.283775 0 .014704 0.284365 0.012623 0.46098 
145.000 0.201 0.047 0.017744 0.283775 0.014704 0.284365 0.012623 0.46098 
131.000 0.231 0.089 0.017744 0.283775 0.014704 0.284365 0.012623 0.46098 
499.000 0.391 0.027 0.017744 0.283775 0.014704 0.284365 0.012623 0.46098 
129.000 0.306 0.115 0.017744 0.283775 0.014704 0.284365 0.012623 0.46098 
0.261 0 .077 0.018 0.284 0.015 0.284 0.013 0.461 1.49684439 0 .006400079 31.59012789 0.135070356 21.1044836 
142.000 0.089 0.011 0.018809 0.292637 0.017326 0.329514 0.012997 0.45174 
128.000 0.329 0.100 0.018809 0.292637 0.017326 0.329514 0.012997 0.45174 
501.000 0.158 0.014 0.018809 0.292637 0.017326 0.329514 0.012997 0.45174 
504.000 0.190 0.009 0 .018809 0.292637 0.017326 0.329514 0.012997 0.45174 
140.000 0.212 0.000 0.018809 0.292637 0.017326 0.329514 0.012997 0.45174 
70.000 0.301 0.057 0.018809 0.292637 0.017326 0.329514 0.012997 0.45174 
0.213 0.032 0.019 0.293 0.017 0.330 0.013 0.452 1.726320601 0.005602318 33.25024514 0.107904892 19.2607591 
100.000 0.154 0.030 0.021278 0.334133 0.020944 0.427645 0.013932 0.45610 
9.000 0.269 0.099 0.021278 0.334133 0.020944 0.427645 0.013932 0.45610 
147.000 0.128 0.021 0.021278 0.334133 0.020944 0.427645 0.013932 0.45610 
27.000 0.159 0.042 0.021278 0.334133 0.020944 0.427645 0.013932 0.45610 
144.000 0.165 0.000 0.021278 0.334133 0.020944 0.427645 0.013932 0.45610 
0.175 0.038 0.021 0.334 0.021 0.428 0.014 0.456 2.006888703 0.005642005 40.89733115 0.114975463 20.3784749 
117.000 0.167 0.019 0.020968 0 .336255 0.019386 0.382941 0.014926 0.42720 
12.000 0.192 0.050 0.020968 0.336255 0.019386 0.382941 0.014926 0.42720 
143.000 0.129 0.000 0.020968 0.336255 0.019386 0.382941 0 .014926 0.42720 
111.000 0.156 0.070 0.020968 0.336255 0.019386 0.382941 0.014926 0.42720 
127.000 0.129 0.032 0.020968 0.336255 0.019386 0.382941 0.014926 0.42720 
0.155 0.034 0.021 0.336 0.019 0.383 0.015 0.427 1.917085317 0.004814278 37.74011201 0.094774816 19.6861932 
84.000 0.133 0.000 0.020372 0.342443 0.018607 0.376372 0.013906 0.40673 
94.000 0.154 0.020 0.020372 0.342443 0.018607 0.376372 0.013906 0 .40673 
13.000 0.196 0.069 0.020372 0.342443 0.018607 0.376372 0.013906 0.40673 
107.000 0.089 0.000 0.020372 0 .342443 0.018607 0.376372 0.013906 0.40673 
136.000 0.122 0.000 0 .020372 0.342443 0.018607 0.376372 0.013906 0.40673 
0.139 0.018 0.020 0.342 0.019 0.376 0.014 0.407 1.871632722 0.004067882 36.93679109 0.080279908 19.7350638 
89 
31.000 0.120 0.034' 0.019391 0.354567 0.017377 0.399975. 0.016191 0.43721 
59.000 0.071 0.022 0.019391 0.354567 0.017377 0.399975 0.016191 0.43721 
14.000 0.086 0.031 0.019391 0.354567 0.017377 0.399975 0.016191 0.43721 
56.000 0.123 0.012 0.019391 0.354567 0.017377 0.399975 0.016191 0.43721 
80.0001 0.151 0.060 0.019391 0.354567 0.017377 0.399975 0.016191 0.43721 
0.110 0.032 0.019 0.355 0.017 0.400 0.016 0.437 1. 787502268 0.003818183 39.03173474 0.083373489 21.8359078 
, ___ 
--96:000 0.103 O.D45 0.019824 0.354947 0.017888 0.438198 0.016805 0.42507 
148.000 0.074 0.039 0.019824 0.354947 0.017888 0.438198 0.016805 0.42507 
-- 47.000f-· 0.143 0.013 0.019824 0.354947 0.017888 0.438198 0.016805 0.42507 
6.000 0.196 0.078 0.019824 0.354947 0.017888 0.438198 0.016805 0.42507 
0.129 0.0441 0.020 0.355 0.018 0.438 0.017 0.425 1.826059666 0.004466102 41.14558899 0.100632187 22.532445 
I I 
45.000 0.177 0.065 0.019893 0.353859 0.018765 0.39134 0.018056 0.43248 
88.000 0.147 0.061 0.019893 0.353859 0.018765 0.39134 0.018056 0.43248 --
53.000 0.142 0.022 0.019893 0.353859 0.018765 0.39134 0.018056 0.43248 i 
54.000 0.118 0.104 0.019893 0.353859 0.018765 0.39134 0.018056 0.43248 
0.146 0.063 0.020 0.354, 0.019 0.391 0.018 0.432' 1.887915034 0.005225717 39.15541032 0.108381506 20.7400278 
29.000 0.047 0.023 0.020974 0.350305 I 0.019003 0.350536 0.017815 0.40519 
65.000 0.068 0.069 0.020974 0.350305 0.019003 0.350536 0.017815 0.40519 
73.000 0.047 0.028 0.020974 0.350305 0.019003 0.350536 0.017815 0.40519 
141.000 0.105 0.039 0.020974 0.350305 0.019003 0.350536 0.017815• 0.40519 
103.000 0.034 0.023 0.020974 0.350305 0.019003 0.350536 0.017815" 0.40519 
0.060 0.036 0.021 0.350 0.019 0.351 0.018 · 0.405 1.947015928 0.003018453 36.32261897 0.056310856 18.6555325 
' -·-·-·---- -- - 0.049 ----0:000 (fo19415 0.347849 0.019832 0.417343 0.019152 0.43344 2.000 
138.000 0.051 0.031 0.019415 0.347849 0.019832 0.417343 0.019152 0.43344 
133.000 0.068 0.025 0.019415 0.347849 0.019832 0.417343 0.019152 0.43344 
11.000 0.088 0.044 0.019415 0.347849 0.019832 0.417343 0.019152 0.43344 
0.064 0.025 0.019 0.348 0.020 0.417 0.019 0.433 1. 954 798986 0.002940821 39. 15204857 0.058900767 20.0286827 
86.000 0.157 0.053 0.018949 0.323586 0.019683 0.407033 0.01833 0.43734 
3.000 0.121 0.152 0.018949 0.323586 0.019683 0.407033 0.01833 0.43734 
__ 101.ooor_ 0.086 0.026 0.018949 0.323586 0.019683 0.407033 0.01833 0.43734 
146.000 0.123 0.078 0.018949 0.323586 0.019683 0.407033 0.01833 0.43734 
0.122 0.077 0.019 0.324 0.020 0.407 0.018 0.437 1.910200765 0.005173853 39.36234804 0.106614446 20.6063932 
---- ----~----
20.000 0.050 0.019 0.019459 0.339286 0.018975 0.381246 0.018339 0.39684 
510.000i 0.034 0.010 0.019459 0.339286 0.018975 0.381246 0.018339 0.39684 
506.000 0.123 0.030 0.019459 0.339286 0.018975 0.381246 0.018339 0.39684 
104.000 0.096 - 0.020 0.019459 0.339286 0.018975 0.381246 0.018339 0.39684 ------~----'--
505.000 0.077 0.022 0.019459 0.339286 0.018975 0.381246 0.018339 0.39684 
0.076 0.020 0.019 0.339 0.019 0.381 0.018 0.397 1.904722113 0.002747101 36.94390285 0.053282653 19.3959542 
51.000 0.051 0.012 0.019461 0.348281 0.018636 0.377372 0.015893 0.35892 
134.000 0.033 0.007 0.019461 0.348281 0.018636 0.377372 0.015893 0.35892 
63.000 0.084 0.031 0.019461 0.348281 0.018636 0.377372 0.015893 0.35892 
109.000 0.048 0.010 0.019461 0,348281 0.018636 0.377372 0.015893 0.35892 
116.000 0.114 0.052 0.019461, 0.348281 0.018636 0.377372 0.015893 0.35892 
0.066 0.022 0.019 0.348 0.019 0.377 0.016 0.359 1.841869625 0.002378497 36.4997 4832 0.047133929 19.816684 - ----- ---
497.000 0.033 0.008 0.020011 0.342054 0.018787 0.36987 0.018321 0.40354 
130.000 0.072 0.016 0.020011 0.342054 0.018787 0.36987 0.018321 0.40354 
132.000 0.071 0.067 0.020011 0.342054 0.018787 0.36987 0.018321 0.40354 
503.000 0.158, 0.048' 0.020011 0.342054 0.018787 0.36987 0.018321 0.40354 
0.084 0.035 0.020 0.342 0.019 0.370 O.D18 0.404 1.902118434 0.00309289 36.94755734 0.06007761 19.4244253 
90 
Short Terf Core Nlt!r~en and Carbon Values: I I 
I I 
Maole Core Removal:Samalestaken from the Fick Observaiorvon Mav 05, 1999. 
Wheat Core Removal: SamnlesTakenfrom NE of Oadon, IA on Jul 07, 1999. 
Corn Core Removal: Samcles taken from Tom Risdals fiek:I West. of Bear Creak on Se tember 24, 1999. 
Cores reoresentthetoo 15 cm of the soil I -· All Unkown lel1Qths have been added Into the coarse root lenQth measure. --
65 Cwt Based 65 Cwt Based 65CwtBased 65 Cwt Based 
From R.airoven: From R.airoven: From R.airoven: From R.airoven: 
Total AFD Total AFDTotal AFDTotal AFDTotal 
Core# Grouo N Grouo Samele Date Date Date Soecies Exot Date Days in RneRoot •Finen Root Fraa Root Fire Root • • Inserted Removed Sorted Date Collected core Mass (noP2mm) Mass {no>1.0mm) Mass Mass lo) [Q) In\ In) 
1 
42 sort ______ .---- 1_ _ 122,125,128 NA NA 11/1211999 Com 11/05/1999 09/24/1999 49 0.5133 - ·0_3245 0.0958 0.2287 -13i SOft I 1 122.125,128 NA NA 11/13/1999 Com 11/05/1999 09/24/1999 50 0.4755 0.3263 0.1139 0.2124 
495 sort 1 122125128 NA NA 11/21/1999 Com 11/05/1999 09/24/1999 58 0.2920 0.2920 0.0895 0.2025 
90 sort I 1 122125128 NA NA 11/2211999 Com 11/05/1999 09/24/1999 59 0.3502 0.2992 0.0714 0.2278 
41 sort 1 122.125,128 NA NA 12101/1999 Com 11/05/1999 09/24/1999 68 0.2633 0.1925 0.0461 0.1464 
57 0.3789 0.2869 0.0833 0.2036 -·· ----" 
55 sort 2 123,126,129 NA NA 10/20/1999 Com 11/05/1999 09/24/1999 26 0.3715 0.2667 0.0886 0.1781 
145 sort 2 123.126,129 NA NA 11/09/1999 Com 11/05/1999 09/24/1999 46 0.3744 0.3272 0.1266 0.2007 
131 sort 2 123126,129 NA NA 11/14/1999 Com 11/05/1999 09/24/1999 51 0.4196 0.3309 0.1003 0.2305 
499 sort I 2 123 126,129 NA NA 11/20/1999 Com 11/05/1999 09/24/1999 57 0.4866 0.4592 0.0687 0.3905 
129 sort 2 123126129 NA NA 11/2211999 Com 11/0511999 09/24/1999 59 0.4858 0.3706 0.0642 0.3064 
48 0.4276 0.3509 0.0897 0.2612 
142 sort 3 124,127,130 NA NA 10/25/1999 Corn 11/05/1999 09/24/1999 31 0.1578 0.1464 0.0579 0.0886 
128 sort I 3 124,127.130 ... _}J.A_ NA 11/14/1999 Corn 11/05/1999 09/24/1999 51 0.5466 0.4466 0.1175 0.3290 
501 sort 3 -124,127;130- NA NA 11/20/1999 Corn 11/05/1999 09/24/1999 57 0.3007 0.2866 0.1284 0.1582 
504 sort 3 124,127,130 NA NA 11/20/1999 Corn 11/05/1999 09/24/1999 57 0.2607 0.2513 0.0615 0.1898 
140 sort 3 124.127.130 NA NA 11/21/1999 Com 11/05/1999 09/24/1999 58 0.2929 0.2929 0.0814 0.2115 
70 sort 3 124 127130 NA NA 12102/1999 Corn 11/05/1999 09/24/1999 69 0.3884 0.3318 0.0307 0.3010 
i 54 0.3245 0.2926 0JJ795 0.2130 
I 
-100 ~--L. Term 1 199.202.205 11/05/1999 03/15/2000 03/18/2000 Corn I 03/15/2000 09/24/1999 176 0.2417 0.2115 0.0579 0.1537 
9 L. Term 1 199 202.205 11/05/1999 03/15/2000 03/28/2000 Corn 03/15/2000 09/24/1999 186 0.4725 0.3733 0.1040 0.2694 ·-
147 L. Term 1 199.202.205 11/05/1999 03/15/2000 03/29/2000 Corn 03/15/2000 09/24/1999 187 0.2160 0.1953 0.0669 0.1284 
27 L. Term 1 199.202.205 11/05/1999 03/15/2000 03/31/2000 Corn 03/15/2000 09/24/1999 189 0.2404 0.1989 0.0398 0.1591 
144 L. Term 1 199,202,205 11/05/1999 03/15/2000 04/11/2000 Corn 03/15/2000 09/24/1999 200 0.2350 0.2350 0.0705 0.1645 
I I 188 0.2811 0.2428 0.0678 0.1750 -· 
117 L. Term 2 200,203,206 11/05/1999 03/15/2000 03118/2000 Com 03/15/2000 09/24/1999 176 0.2675 02486 0.0814 0.16n 
12 L. Term 2 200,203,206 11/05/1999 03/15/2000 03/20/2000 Com 03/15/2000 09/24/1999 178 0.3059 0.2558 0.0642 0.1916 
143 L. Tenn 2 I 200 203 206 11/05/1999 03/15/2000 03/29/2000 Com 03/15/2000 09/24/1999 187 0.1718 0.1718 0.0425 0.1293 
111 L. Term 2 I 200,203,206 11/05/1999 03/15/2000 03/31/2000 Com 03/15/2000 09/24/1999 189 0.2940 0.2242 0.0678 0.1564 
127 L. Term 2 200,203,206 11/05/1999 03/15/2000 04/11/2000 Corn 03/15/2000 09/24/1999 200 0.2165 0.1844 0.0551 0.1293 
186 0.2511 0.2170 0.0622 0.1548 
$A L. Term ---- 3 201,204.207 11/05/1999 03/15/2000 03/18/2000 Corn 03/15/2000 09/24/1999 176 0.1971 0.1971 0.0642 0.1329 
94 L. Term 3 201 204,207 11/05/1999 03/15/2000 03/18/2000 Corn 03/15/2000 09/24/1999 176 0.2295 0.2097 0.0560 0.1537 
13 L. Term 3 201,204,207 11/05/1999 03/15/2000 04/1012000 Com 03/15/2000 09/24/1999 199 0.3247 0.2558 0.0597 0.1962 
107 L. Term 3 201 204 207 11/05/1999 03/15/2000 04/10/2000 Corn 03/15/2000 09/24/1999 199 0.1564 0.1564 0.0669 0.0895 
136 L. Term 3 201 204,207 11/05/1999 03/15/2000 04/10/2000 Corn 03/15/2000 09/24/1999 199 0.1790 0.1790 0.0570 0.1220 
190 0.2173 0.1996 0.0607 0.1389 
' 
·10 sort 1 190.193,196 NA NA 02/21/2000 Com ' 03/15/2000 i 09/24/1999 150 0.3599 0.2495 0.0479 0.2016 
102 sort 1 NA NA 03/05/2000 Corn 03/15/2000 09/24/1999 163 0.1718 0.1718 0.0588 0.1130 
89 sort 1 NA NA 03/07/2000 Corn 03/15/2000 09/24/1999 165 0.3138 0.2676 0.0904 0.1772 
43 sort 1 NA NA 03/12/2000 Corn 03/15/2000 09/24/1999 170 0.2047 0.1944 0.0380 0.1564 
___ 1§_ sort ___ __ _! ___ -~--- NA NA ---- 03/16/2000 Corn 03/15/2000 09/24/1999 174 0.1952 0.1754 0.0588 0.1166 
164 0.2491 0.2117 0.0588 0.1530 -----
a·1 sort 2 191 194 197 NA NA 0211212000 Corn 03/15/2000 09/24/1999 141 0.3148 0.2884 0.0678 0.2206 
33 sort 2 NA NA 02119/2000 Corn 03/15/2000 09/24/1999 148 0.2838 0.2640 0.1266 0.1374 
87 sort 2 NA NA 02119/2000 Corn 03/15/2000 09/24/1999 148 0.2948 0.2278 0.0759 0.1519 
78 sort 2 NA NA 02/29/2000 Com 03/15/2000 09/24/1999 158 0.3686 0.2893 0.0642 0.2251 
83 sort 2 NA NA 03/03/2000 Corn 03/15/2000 09/24/1999 161 0.2657 0.2242 0.0434 0.1808 ---- i 151 0.3055 0.2587 0.0756 0,1831 -~ ----~--- ---------
61 sort 3 192195198 NA NA 02/20/2000 Corn 03/15/2000 09/24/1999 ! 149 0.3060 0.2739 0.0651 0.2088 
105 sort 3 NA NA lif Corn 03/15/2000 09/24/1999 152 0.2918 0.2106 0.0750 0.1356 135 sort 3 NA NA Corn 03/15/2000 09/24/1999 158 0.2989 0.2640 0.0624 0.2016 110 sort 3 NA NA Com 03/15/2000 09/24/1999 163 0.2552 0.2278 0.0488 0.1790 
106 sort 3 NA NA 03/13/2000 Corn 03/15/2000 09/24/1999 171 D.2334 0.2088 0.0588 0.1501 
159 0.2770 0.2370 0.0620 0.1750 ··-
92 S. Term 1 281,284,287 03/15/2000 06/07/2000 06/12/2000 Corn 06/07/2000 09/24/1999 262 0.1154 0.1003 0.0696 0,0307 
- 8 S. Term 1 03/15/2000 05/07/2000 06/20/2000 Corn 06/07/2000 09/24/1999 270 0.1202 _0.1202 0.0597 0.0606 -··--
46 S. Term 1 03/15/2000 06/07/2000 06/20/2000 Com 06/07/2000 09/24/1999 270 0.3366 0.2224 0.1049 0.1175 
11.2,S. Term 1 03/15/2000 05/07/2000 06/22/2000 Com 06/07/2000 09/24/1999 272 0.1378 0.1284 0.0452 0.0832 
I 269 0.1775 0.1428 0.0698 0.0730 
39 S. Term 2 282,285,288 03/15/2000 06/07/2000 06/22/2000 Corn 06/07/2000 09/24/1999 272 0.2112 0.1772 0.0877 0.0895 
30 S. Term 2 03/15/2000 06/07/2000 07/05/2000 Com 06/07/2000 09/24/1999 285 0.0908 0.0814 0.0497 0.0316 
___ _5 ~~!I:!_ _ 2 03/15/2000 06/07/2000 07/06/2000 Com 06/07/2000 09/24/1999 286 0.2B30 0.2396 0.0732 0.1663 
1 S. Term 2 03/15/2000 06/07/2000 07/10/2000 Corn 06/07/2000 09/24/1999 290 0.1505 0.1193 0.0570 0.0624 
I 283 0.1839 0.1544 0.0669 0.0875 
99 S. Term 3 283,286,289 03/15/2000 06/07/2000 06/13120001 Com 06/07/2000 09/24/1999 263, 0.2501 0.2142 0.1329 0.0814 
24 S. Term 3 03/15/2000 06/0712000 0611412000 I Com 06/07/2000 09/24/1999 264 0.1840' 0.1519 0.0714 0.0805 
85 S. Term 3 03/15/2000 06/07/2000 07/05/2000 Com 06/07/2000 09/24/1999 285 0.1965 i 0.1464 0.0678 0.0786 
4 S. Term 3 03/15/2000 06/07/2000 07/07/2000 Com 05/07/2000 09/24/1999 287 0.1653 0.1464 0.0542 0.0922 -·-.- --· - ---·-·-
74 S. Term 3 03/15/2000 06/07/2000 07/10/2000 Corri -- 06/67/2000 ·09/24/1999 290 ---G.1833 O.f672 o.os79 0.1094 
278 0.1958 0.1652 0.0768 0.0884 
98 sort 1 263,266 269 NA NA 05/25/2000 Com 06/07/2000. 09/24/1999 244 0.1609 0.1609 0.0832 0.0777 
72 sort 1 NA NA 05/31/2000 Com 05/07/2000. 09/24/1999 250 0.1559 0.1455 0.0542 0.0913 
37 sort 1 I NA NA 06/02/2000 Com 06/07/2000! 09/24/1999 252 0.3825 0.3381 0.0823 0.2558 
507 sort 1 NA NA 06/02/2000 Com 06107/2000! 09/24/1999 252 0.2613 0.2377 0.0768 0.1609 
509 sort 1 -1------- __ _Ji',_ __ ·---NA I 06/06/200(l Com 05/07/2000' 09/24/1999 256 0.2822 0.2142 0.0759 0.1383 I 251 0.2486 0.2193 0.0745 0.1448 
I 
91 
79 sort 2 264,267,270 NA NA 05/23/2000 Com 06/07/2000 09/24/1999 242 0.1952 0.1763 0.0678 0,1085 
18 sort 2 NA NA 05/25/2000 Corn 06/07/2000 09/24/1999 245 0.2212 0.1844 0.1012 0.0832 
95 sort 2 NA NA 05/30/2000 Com 06/07/2000 09/24/1999 249 0.2223 0.2025 0.0759 0.1266 
149 sort 2 NA NA 05/30/2000 Corn I 06/07/2000 09/24/1999 249 0.2846 0.2233 0.1229 0.1003 
122 sort 2 NA NA 06/01/2000 Corn 06/07/2000 09/24/1999 251 0.1724 0.1365 0.0660 0.0705 
247 0.2191 0.1846 0.0868 0.0978 
38 sort 3 265,268,271 NA NA 05/23/2000 Com 06/07/2000 09/24/1999 242 0.4471 0.3489 0.0904 0.2585 
123 sort 3 NA NA 05/25/2000 Corn 06/07/2000 09/24/1999 244 0.1459 0.1365 0.0597 0.0768 
67 sort 3 NA NA 06/01/2000 Corn 06/07/2000 09/24/1999 251 0.0931 0.0931 0.0642 0.0289 
32 sort 3 I NA NA 06/05/2000 Com 06/07/2000 09/24/1999 255 0.1402 0.1374 0.0&42 0.0832 
125 sort 3 NA NA 06/06/2000 Corn 06/07/2000 09/24/1999 256 0.2582 0.2016 0.0669 0.1347 
250 02169 0.1835 0.0671 0.1164 
17 S. Term 1 336,339 342 06/07/2000 08/16/2000 08/21/2000 Corn 06/16/2000 09/24/1999 332 0.1307 0.1184 0.0551 0.0633 
91 S. Term 1 06/07/2000 08/16/2000 08/31/2000 Corn 08/15/2000 09/24/1999 342 0.1935 0.1501 0.0524 0.0976 
66 S. Term 1 06/07/2000 08/16/2000 09/05/2000 Com 08/15/2000 09/24/1999 348 0.1891 0.1419 0.0479 0.0940 
22 S. Term 1 06/07/2000 08/16/2000 09/11/2000 Com 08/15/2000 09/24/1999 353 0.2599 0.2070 0.0615 0.1455 
26 S. Term 1 06/07/2000 08/16/2000 09/12/2000 Com 08/15/2000 09/24/1999 354 0.1058 0.1049 0.0443 0.0606 
346 0.1758 0.144-5 0.0522 0.0922 
35 S. Term 2 337,340,343 06/07/2000 08/16/2000 08/21/2000 Com 08/15/2000 09/24/1999 332 0.0996 0.0750 0.0371 0.0380 
19 S. Term 2 06/07/2000 08/16/2000 08/30/2000 Corn 08/15/2000 09/24/1999 341 0.1105 0.1088 0.0542 0.0515 
69 S. Term 2 06/07/2000 08/16/2000 08/30/2000 Com 08/15/2000 09/24/1999 341 0.0877 0.0877 0.0488 0.0389 
75 S. Term 2 06/07/2000 08/16/2000 09/11/2000 Com 08/16/2000 09/24/1999 353 0.2051 0.1862 0.0588 0.1275 
58 S. Term 2 06/07/2000 08/16/2000 09/12/2000 Corn 08/16/2000 09/24/1999 354 0.1801 0.1528 0.0488 0.1040 
344 0.1366 0.1215 0.0495 0.0720 
50 S. Tenn 3 338,341,344 06/07/2000 08/16/2000 08/21/2000 Com 08/15/2000 09/24/1999 332 0.1076 0.1076 0.0470 0.0606 
114 S. Tenn 3 06/07/2000 08/16/2000 08/30/2000 Corn 08/15/2000 09/24/1999 341 0.1901 0.1202 0.0461 0.0741 
25 S. Tenn 3 06/07/2000 08/16/2000 09/08/2000 Com 08/16/2000 09/24/1999 350 0.0796 0.0777 0.0398 0.0380 
28 s. Tenn 3 06/07/2000 08/16/2000 09/08/2000 Com 08/15/2000 09/24/1999 350 0.1032 0.0994 0.0606 0.0389 
23 S. Term 3 06/07/2000 08/16/2000 09/12/2000 Corn 08/16/2000 09/2411999 354 0.1072 0.0940 0.0597 0.0344 
345 0.1175 0.0998 0.0506 0.0492 
77 sort 1 318,321,324 NA NA 07/31/2000 Corn 08/15/2000 09/24/1999 311 0.2479 0.2224 0.0588 0.1636 
15 sort 1 NA NA 08/04/2000 Corn 08/16/2000 09/24/1999 315 0.1537 0.1329 0.0841 0.0488 
49 sort 1 NA NA 08/04/2000 Corn 08/16/2000 09/24/1999 315 0.1672 0.1040 0.0786 0.0253 
314 0.1896 0.1531 0.0738 0.0792 
57 sort 2 319,322 325 NA NA 08/01/2000 Corn 08/16/2000 09/24/1999 312 0.3539 0.27931 0.0877 0.1916 
60 sort 2 NA NA 08/02/2000 Com 08/16/2000 09/24/1999 313 0.2661 0.2368 0.0723 0.1645 
71 sort 2 NA NA 08/04/2000 Corn 08/16/2000 09/24/1999 315 0.2122 0.1754 0.0777 0.0976 
21 sort 2 NA NA 08/07/2000 Com 08/16/2000 09/24/1999 318 0.1623 0.1302 0.0850 0.0452 
315 0.2486 0.2054 0.0807 0.1247 
46 sort 3 320 323 326 NA NA 07/31/2000 Corn 08/16/2000 09/24/1999 311 0.2179 0.1736 0.0714 0.1021 
34 sort 3 NA NA 08/02/2000 Com 08/16/2000 09/24/1999 313 0.3873 0.2278 0.1012 0.1266 
7 sort 3 NA NA 08/08/2000 Corn 08/16/2000 09/24/1999 319 0.2200 0.1907 0.0958 0.0949 
64 sort 3 NA NA 08/08/2000 Com 08/16/2000 09/24/1999 319 0.2613 0.2170 0.1058 0.1112 
316 0.2716 0.2023 0.0936 0.1087 
139 S.Term 1 351,354,357 08/16/2000 11/06/2000 11/14/2000 Corn 11/06/2000 09/24/1999 417 0.0798 0.0732 0.0316 0.0416 
492 S.Term 1 08/16/2000 11/06/2000 11/08/2000 Com 11/06/2000 09/24/1999 411 0.1693 0.1428 0.0570 0.0859 
496 S.Term 1 08/16/2000 11/05/2000 11/15/2000 Com 11/06/2000 09/24/1999 418 0.1587 0.1473 0.0488 0.0985 
512 S.Term 1 08/16/2000 11/06/2000 11/08/2000 Corn 11/06/2000 09/24/1999 411 0.1874 0.1374 0.0506 0.0868 
414 0.1488 0.1252 0.0470 0.0782 
66 S. Term 2 352,355,358 08/16/2000 11/06/2000 11/13/2000 Com 11/06/2000 09/24/1999 416 0.1864 0.1618 0.0542 0.1076 
118 S. Term 2 08/16/2000111/06/2000 11/13/2000 Com 11/06/2000 09/24/1999 416 0.1519 0.1519 0.0443 0.1076 
124 S.Term 2 08/16/2000111/06/2000 11/08/2000 Com 11/06/2000 09/24/1999 411 0.2857 0.2197 0.0506 0.1690 
126 S.Term 2 08/16/2000 11/06/2000 11/09/2000 Com 11/06/2000 09/24/1999 412 0.1744 0.1546 0.0515 0.1031 
414 0.1996 0.1720 O.C-502 0.1218 
52 S. Term 3 353,356 359 08/16/2000 11/06/2000 11/13/2000 Com 11/06/2000 09/24/1999 416 0.2395 0.2188 0.0642 0.1546 
494 s. Term 3 08/16/2000 11/06/2000 11/07/2000 Com 11/06/2000 09/24/1999 410 0.1134 0.1040 0.0443 0.0597 
508 S.Term 3 08/16/2000 11/06/2000 11/07/2000 Com 11/06/2000 09/24/1999 410 0.1578 0.1464 0.0506 0.0958 
511 S.Term 3 08/16/2000 11/06/2000 11/14/2000 Com 11/06/2000 09/24/1999 417 0.1603 0.1112 0.0425 0.0687 
413 0.1677 0,1451 0.0504 0.0947 
169 sort 1 31,34,37 NA NA 06/15/1999 Manie 06/07/1999 05/05/1999 41 0.5302 0.4794 0.1675 0.3119 
206 sort 1 31,34,37 NA NA 06/16/1999 Manie 06/07/1999 05/05/1999 42 0.3868 02535 0.1375 0.1160 
163 sort 1 31,34,37 NA NA 06/17/1999 Maple 06/07/1999 05/05/1999 43 0.6313 0.5851 0.2947 02904 
287 sort 1 31,34,37 NA NA 06/21/1999 Maole 06/07/1999 05/05/1999 47 0.7448 0.5181 0.3205 0.1976 
310 sort 1 31,34,37 NA NA 06/21/1999 Maole 06/07/1999 05/05/1999 47 0.6585 0.4872 0.3041 0.1830 
44 0.5903 0A646 0.2449 0.2198 
209 sort 2 32,35 38 NA NA 06/15/1999 Macie 06/07/1999 05/05/1999 41 0.5661 0.4038 0.1452 0.2586 
216 sort 2 32,35,38 NA NA 06/15/1999 Manie 06/07/1999 05/05/1999 41 0.6062 0.3849 0.1031 0.2818 
187 sort 2 32,35,38 NA NA 06/16/1999 Maole 06/07/1999 05/05/1999 42 0.5536 0.5146 0.1727 0.3420 
293 sort 2 32,35 3B NA NA 06/17/1999 Maple 06/07/1999 05/05/1999 43 0.5697 0.5189 0.2543 0.2646 
264 sort 2 32,35,38 NA NA 06/29/1999 Maple 06/07/1999 05/05/1999 55 0.7972 0.7346 0.2397 0.4949 
284 sort 2 32,35,38 NA NA 06/17/1999 Maple 06/07/1999 05/05/1999 43 0.7106 0.5464 0.2320 0.3145 
44 0.6339 0.5172 0.1912 0.3261 
199 sort 3 33,66,39 I NA NA 06/15/1999 Maole 06/07/1999 05/05/1999 41 0.6294 0.5868 0.2363 0.3505 
266 sort 3 33,36,39 NA NA 06/17/1999 Maole 06/07/1999 05/05/1999 43 0.8382 0.6152 0.3041 0.3110 
232 sort 3 33,36,39 NA NA 06/21/1999 Manie 06/07/1999 05/05/1999 47 0.5394 0.5104 0.2474 0.2629 
254 sort 3 33 36 39 NA NA 06/21/1999 Manie 06/07/1999 05/05/1999 47 0.6898 0.5284 0.2638 0.2646 
308 sort 3 33,36,39 NA NA 05/21/1999 Maole 06/07/1999 05/05/1999 47 1.0716 0.6255 0.2431 0.3823 
249 sort 3 33,36,39 NA NA 05/29/1999 Maole 06/07/1999 05/05/1999 55 0.8331 0.6092 0.2311 0.3780 
47 0.7669 0.5792 0.2543 0.3249 
152 L. Term 1 53.5659 BIi Ir Manie 06/17/1999 05/05/1999 112 0.5419 0.5129 0.1933 0.3196 252 L.Term 1 53 56,59 999 Manie 06/17/1999 05/05/1999 112 0.5777 0.4408 0.1787 0.2620 18.'i L.Term 1 53 56 59 999 Manie 06/17/1999 05/05/1999 114 0.5783 0.4794 0.1675 0.3119 271 L. Term 1 53,56,59 999 Macie 06/17/1999 05/05/1999 114 0.4165 0.4038 0.1899 0.2139 
295 L Term 1 53,56,59 06/07/1999 08/17/1999 08/27/1999 Macie 06/17/1999 05/05/1999 114 0.6775 0.4880 0.1504 0.3377 
113 0.5584 0.4650 0.1760 0.2890 
168 L. Term 2 54.57 60 06/07/1999 08/17/1999 06/19/1999 Maole 06/17/1999 05/05/1999 106 0.7419 0.5052 0.2199 0.2852 
309 L. Term 2 54,57,60 06/07/1999 08/17/1999 08/19/1999 Manie 06/17/1999 05/05/1999 106 0.3914 0.3651 0.1564 0.2088 
312 L. Term 2 54,57,60 06/07/1999 06/17/1999 05/23/1999 Maole 06/17/1999 05/05/1999 110 0.5043 0.4399 0.1495 0.2904 
193 L.Term 2 54,57,60 06/07/1999 08/17/1999 08/24/1999 Maole 08/17/1999 05/05/1999 111 0.2853 0.2517 0.1083 0.1435 
224 L.Term 2 54 57,60 06/07/1999 08/17/1999 08/25/1999 Maole 08/17/1999 05/05/1999 112 0.6025 0.4683 0.2079 0.2603 
109 0.5051 0.4060 0.1684 0.2376 
92 
275 L. Term 3 55 58 61 06/07/1999 08/17/1999 08/20/1999 Maole 06/17/1999 05/05/1999 107 0.7038 0.6530 0.2492 0.4038 
172 L. Term 3 55,58,61 06/07/1999 08/17/1999 08/23/1999 Maale 08/17/1999 05/05/1999 110 0.5438 0.5284 0.1864 0.3420 
315 L. Term 3 55,58,61 06/07/1999 08/17/1999 08/23/1999 Manie 08/17/1999 05/05/1999 110 0.5631 0.4588 0.1813 0.2775 
160 L. Tenn 3 55,58,61 06/07/1999 08/17/1999 08/27/1999 Manie 08/17/1999 05/05/1999 114 0.6335 0.5138 0.1968 0.3170 
192 L. Term 3 55 58,61 06/07/1999 08/17/1999 08/29/1999 Manie 08/17/1999 05/05/1999 116 0.5099 0.3557 0.1495 02062 
111 0.5908 0.5019 0.1926 0.3093 
200 sort 1 44, 47, 50 NA NA = Maole 08/17/1999 05/05/1999 107 0.5341 0.4751 0.1375 0.3377 289 sort 1 NA NA Maole 08/17/1999 05/05/1999 112 0.4563 0.4382 0.0997 0.3385 304 sort 1 NA NA Maole 08/17/1999 05/05/1999 112 0.6365 0.5413 0.1504 0.3909 278 sort 1 NA NA Maole 08/17/1999 05/05/1999 114 0.4885 0.3969 0.1452 0.2517 276 sort 1 NA NA 08/29/1999 Manie 08/17/1999 05/0511999 116 0.8330 0.5791 0.2148 0.3843 112 0.5897 0.4861 0.1495 0.3366 
268 sort 2 45 48 51 NA NA 08/19/1999 Maole 08/17/1999 05/05/1999 106 0.4918 0.4528 0.1478 0.3050 
242 sort 2 NA NA 08/25/1999 Maole 08/17/1999 05/05/1999 112 0.5261 0.4382 0.1357 0.3024 
170 sort 2 NA NA 08/29/1999 Ma le 08/17/1999 05/05/1999 116 0.6366 0.5559 0.1504 0.4055 
207 sort 2 NA NA 08/30/1999 Maole 08/17/1999 05/05/1999 117 0.4985 0.4133 0.1598 0.2535 
282 sort 2 NA NA 08/30/1999 Maole 08/17/1999 05/05/1999 117 0.3429 0.3411 0.1108 0.2303 
114 0.4992 0.4402 0.1409 0.2993 
246 sort 3 46 49 52 NA NA 08/23/1999 Manie 08/17/1999 05/05/1999 110 0.6208 0.5628 0.1667 0.3961 
250 sort 3 NA NA 08/2711999 Manie 08/1711999 05/05/1999 114 0.6134 0.5318 0.2079 0.3239 
173 sort 3 NA NA 08/29/1999 Manie 08/17/1999 05/05/1999 116 0.4957 0.4803 0.2294 0.2509 
156 sort 3 NA NA 08/3011999 Maole 08/17/1999 05/05/1999 117 0.7761 0.5095 0.1589 0.3505 
258 sort 3 NA NA 08/30/1999 Maole 08/1711999 05/05/1999 117 0.5125 0.4554 0.1022 0.3531 
115 0.6037 0.5079 0.1730 0.3349 
263 S. Term 1 91 95 98 08/1711999 1110511999 11/13/1999 Manie 11/0511999 05/05/1999 192 0.6934 0.6934 0.1675 0.5258 
319 S. Term 1 08/17/1999 11/05/1999 11114/1999 Manie 11/0511999 05105/1999 193 0.4990 0.4863 0.1796 0.3067 
231 s. Term 1 08117/1999 11/05/1999 11115/1999 Manie 11/05/1999 05/05/1999 194 0.4424 0.3291 0.0859 0.2431 
307 S.Term 1 08/17/1999 11 /05/1999 11/23/1999 Maole 11/05/1999 05/05/1999 202 0.6133 0.5172 0.1220 0.3952 
195 0.5620 0.5065 0.1388 0.3677 
247 S.Term 2 92 96 99 0811711999 11 /0511999 11112/1999 Maole 11/05/1999 05/05/1999 191 0.7846 0.6504 0.1821 0.4683 
229 S. Term 2 08117/1999 11105/1999 1111911999 Maole 11/05/1999 05105/1999 198 0.7495 0.7105 0.1263 0.5842 
219 S. Term 2 08/1711999 11/05/1999 11123/1999 Manie 1110511999 05/05/1999 202 0.5633 0.4390 0.1031 0.3359 
197 0.6991 0.6000 0.1372 0.4628 
178 S.Term 3 93 97,100 08/17/1999 11105/1999 11/23/1999 Maole 11105/1999 05/0511999 202 0.4210 0.4047 0.0825 0.3222 
255 S.Term 3 08117/1999 11/0511999 11/28/1999 Maole 11/05/1999 05105/1999 207 0.6469 0.6152 0.2509 0.3643 
297 S. Term 3 08/17/1999 11/05/1999 11128/1999 Maole 11/05/1999 05105/1999 207 0.6886 0.5662 0.2019 0.3643 
205 0.5855 0.5287 0.1784 0.3503 
208 S. Term 4 94,187,404 08117/1999 11105/1999 11/06/1999 Manie 11/05/1999 05/05/1999 185 0.4916 0.4072 0.1065 0.3007 
240 S. Term 4 08/1711999 11/05/1999 11/10/1999 Manie 11/05/1999 0510511999 189 0.6956 0.6366 0.2157 0.4210 
164 S. Term 4 08/1711999 11/05/1999 11/06/1999 Maole 11/05/1999 05/05/1999 185 0.5733 0.4880 0.1289 0.3591 
290 S. Term 4 08/17/1999 11105/1999 11115/1999 Maole 11/05/1999 05/05/1999 194 0.5080 0.4717 0.1040 0.3677 
162 S. Term 4 08/17/1999 11/0511999 11/06/1999 Maole 11/05/1999 0510511999 185 0.7408 0.7208 0.1168 0.6040 
100 0.6018 0.5449 0.1344 0.4105 
291 sort 1 70 73 76 NA NA 10/20/1999 Manie 11/05/1999 05/0511999 168 0.6178 0.4700 0.1521 0.3179 
213 sort 1 NA NA 10125/1999 Maple 1110511999 05/05/1999 173 0.6980 0.6427 0.1521 0.4906 
251 sort 1 NA NA 11/13/1999 Maole 11/05/1999 05/05/1999 192 0.6330 0.5714 0.0928 0.4786 
157 sort 1 NA NA 11119/1999 Macie 11105/1999 05/05/1999 198 0.3531 0.3531 0.0911 0.2620 
165 sort 1 NA NA 11122/1999 Macie 11/05/1999 05/05/1999 201 0.4008 0.3763 0.0567 0.3196 
186 0.5405 0.4827 0.1089 0,3737 
235 sort 2 71,74 77 NA NA 10/20/1999 Manie 11/05/1999 05/05/1999 168 0.5364 0.4502 0.0937 0.3566 
201 sort 2 NA NA 10/2511999 Maole 11/05/1999 05/05/1999 173 0.5002 0.4803 0.1272 0.3531 
259 sort 2 NA NA 1111411999 Macie 11/05/1999 05/0511999 193 0.6235 0.4820 0.1083 0.3737 
294 sort 2 NA NA 11/1911999 Maole 11/05/1999 05/05/1999 198 0.6913 0.6152 0.1684 0.4488 
155 sort 2 NA NA 11/23/1999 Maole 11/05/1999 05/05/1999 202 0.5567 0.5567 0.1048 0.4519 
187 0.5816 0.5169 0.1205 0.3964 
302 sort 3 72 75 78 NA NA 10/2111999 Maole 1110511999 05/05/1999 169 0.4873 0.4356 0.0945 0.3411 
269 sort 3 NA NA 10/25/1999 Maole 1110511999 05/05/1999 173 0.4373 0.3892 0.0902 0.2990 
272 sort 3 NA NA 11122/1999 Maole 11/05/1999 05/05/1999 201 0.5948 0.4914 D.0971 0.3944 
167 sort 3 NA NA 11123/1999 Manie 11/05/1999 05/05/1999 202 0.3515 0.3007 0.0541 0.2466 
280 sort 3 NA NA 11/23/1999 Maole 11/05/1999 05/05/1999 202 0.5889 0.3694 0.0894 0.2801 
189 0.4920 0.3973 0.0851 0.3122 
188 S. Term 1 153156,159 11/0511999 03/15/2000 04103/2000 Maole 0311512000 05/05/1999 334 0.5688 0.5524 0.1048 0.4476 
243 S. Term 1 11/05/1999 03/15/2000 04106/2000 Manie 03/15/2000 05/05/1999 337 0.5799 0.4493 0.0825 0.3669 
171 S. Term 1 11/05/1999 03/15/2000 04/18/2000 Maole 03/1512000 05/05/1999 349 0.4192 0.4047 0,0885 0.3162 
311 S. Term 1 11/05/1999 03/15/2000 04118/2000 Macie 03/1512000 05/05/1999 349 0.5379 0.4554 0.0962 0.3591 
154 S. Term 1 11/05/1999 03/15/2000 04/19/2000 Manie 03/1512000 05/05/1999 350 0.6122 0.4889 0.0971 0.3918 
344 0.5436 0.4701 0.0938 0.3763 
298 S. Term 2 154,157,160 11/0511999 03115/2000 03114/2000 Maole 03/15/2000 05/0511999 314 0.6483 0.4914 0.0919 0.3995 
320 S. Tenn 2 11/05/1999 03/15/2000 03/24/2000 Maole 03/15/2000 05/05/1999 324 0.6045 0.4476 0.1469 0.3007 
161 S. Tenn 2 11/05/1999 03/15/2000 04/04/2000 Maole 03/15/2000 05/05/1999 335 0.4678 0.4605 0.0859 0.3746 
253 S. Term 2 11/05/1999 03/15/2000 04/07/2000 Manie 03115/2000 05/05/1999 338 0.8601 0.6796 0.1375 0.5421 
191 S.Term 2 11105/1999 03/15/2000 04/18/2000 Manie 03/15/2000 05/0511999 349 0.4611 0.4330 0.0705 0.3626 
332 0.6084 0.5024 0.1065 0.3959 
234 $.Term 3 155 158,161 11/05/1999 03/15/2000 03/22/2000 Maole 03115/2000 05/05/1999 322 0.4780 0.4227 0.0851 0.3377 
296 $.Term 3 11105/1999 03/1512000 03/31/2000 Mao!e 03/15/2000 05/05/1999 331 0.5765 0.5765 0.1168 0.4597 
257 S.Term 3 11/05/1999 03/1512000 04/17/2000 Manie 03115/2000 05105/1999 348 0.4229 0.3858 0.0876 0.2981 
244 S.Term 3 11105/1999 03/1512000 04/18/2000 Maole 03/15/2000 05105/1999 349 0.4700 0.4700 0.1220 0.3480 
288 S.Term 3 11105/1999 0311512000 04118/2000 Maole 03115/2000 05/05/1999 349 0.5734 0.5018 0.1280 0.3737 
340 0.5042 0.4713 0.1079 0.3634 
166 sort 1 135,138141 NA NA 02/18/2000 Maole 03115/2000 05/05/1999 289 0.4394 0.3514 0.0739 0.2775 
233 sort 1 NA NA 02/22/2000 Manie 03/15/2000 05/05/1999 293 0.5616 0.4863 0.1598 0.3265 
317 sort 1 NA NA 02/29/2000 Macie 03/15/2000 05/05/1999 30D 0.5546 0.5301 0.1022 0.4279 
237 sort 1 NA NA 03/03/2000 Macie 03/15/2000 05/05/1999 303 0.4872 0.4872 0.1083 0.3789 
296 0.5107 0.4637 0.1110 0.3527 
230 sort 2 136139142 NA NA 02/18/2000 Maole 03/15/2000 05/05/1999 287 0.6215 0.5499 0.0705 0.4794 
261 sort 2 NA NA 02/16/2000 Macie 03/15/2000 05/05/1999 287 0.4164 0.3574 0.0705 0.2870 
301 sort 2 NA NA 02/17/2000 Maole 03115/2000 05/05/1999 288 0.6327 0.5284 0.0799 0.4485 
303 sort 2 NA NA 02/23/2000 Maole 03/1512000 05/05/1999 294 0.6697 0.5808 0.0979 0.4829 
239 0.58.'H 0.5041 0.0797 0.4244 
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214 sort 3 137,140 143 NA NA 02/19/2000 Macie 03/15/2000 05/05/1999 290 0.4598 0.4236 0.1074 0.3162 
273 sort 3 NA NA 02/22/2000 Macie 03/15/2000 05/05/1999 293 0.5921 0.5241 0. 1426 0.3815 
265 sort 3 NA NA 02/24/2000 Macie 03/15/2000 05/05/1999 295 0.5082 0.4176 0.1117 0.3059 
270 sort 3 NA NA 03/05/2000 Maole 03/15/2000 05/05/1999 305 0.3797 0 .3488 0.0756 0.2732 
296 0.48..'lO 0.4285 0 .1093 0.3192 
220 S. Term 1 226 229,232 03/15/2000 06/07/2000 06/13/2000 Macie 06/07/2000 05/05/1999 405 0.4667 0.4141 0.1349 0.2792 
260 S. Term 1 03/15/2000 06/07/2000 06/16/2000 Manie 06/07/2000 05/05/1999 408 0.2406 0.2406 0.0481 0.1925 
180 s. Term 1 03/15/2000 06/07/2000 06/30/2000 Manie 06/07/2000 05/05/1999 422 0.5061 0.5061 0.1125 0 .3935 
241 S. Term 1 03/15/2000 06/07/2000 06/30/2000 Macie 06/07/2000 05/05/1999 422 0.6137 0.5593 0.2053 0.3540 
414 0 .4568 0.4300 0 .1252 0.3048 
I 
256 $. Tenn 2 227 230,233 03/15/2000 06/07/2000 06/14/2000 Macie 06/07/2000 05/05/1999 406 0.4360 0.3952 0.0B15 0.3136 
228 S. Tenn 2 03/15/2000 06/07/2000 lti Macie 06/07/2000 05/05/1999 407 0.4979 0.4408 0.0911 0.3497 274 S. Term 2 03/15/2000 06/07/2000 Manie 06/07/2000 05/05/1999 40B 0.3540 0.3540 0.0576 02964 262 S. Term 2 03/15/2000 06/0712000 1 Manie 06/07/2000 0510511999 414 0.3326 0.3136 0.0773 0.2363 409 0.4051 0.3759 0.0769 0.2990 
174 $ . Term 3 228 231 234 03/1512000 06/07/2000 06/12/2000 Maple 06/07/2000 05/0511999 404 0.3723 0.2861 0.0730 0.2131 
286 S. Term 3 03/1512000 06/07/2000 06/19/2000 Macie 06/07/2000 05105/1999 411 0.4454 0.3737 0.0619 0.3119 
316 S. Term 3 03/15/2000 06/07/2000 06/19/2000 Macie 06107/2000 05/0511999 411 0.3216 0.3162 0.0550 0.2612 
409 0.3798 0.3253 0.0633 0.2620 
363 sort 1 62 65 NA NA 08/2711999 Wheat 08117/1999 07/07/1999 51 0.3233 0.3233 0.1711 0.1523 
402 sort 1 62 65 NA NA 08/27/1999 Wheat 08/17/1999 07/07/1999 51 0.32B2 0.3282 0.2120 0.1162 
344 sort 1 62 65 NA NA 06/30/1999 Wheat 08/17/1999 07/07/1999 54 0.2267 0.2267 0.1637 0.0630 
331 sort 1 62,65 NA NA 08/3111999 Wheat 08117/1999 07/07/1999 55 0.2161 0.2161 0,0999 0.1162 
390 sort 1 62 65 NA NA 09/01/1999 Wheat 08/17/1999 07107/1999 56 0.2619 0.2619 0.1744 0.0876 
53 0.2713 0.271 3 0.1642 0.1071 
486 sort 2 63,66 NA NA 08/20/1999 Wheat 08117/1999 07/07/1999 44 0.5026 0.5026 0.2939 0.2067 
474 sort 2 63,66 NA NA 08/24/1999 Wheat I 08117/1999 07/0711999 48 0.3708 0.3708 0.2357 0.1351 
323 sort 2 63 66 NA NA 06/25/1999 Wheat 06117/1999 07107/1999 49 0.2611 0.2611 0.1686 0.0925 
326 sort 2 63 66 NA NA 08/29/1999 Wheat 08/17/1999 07/07/1999 53 0.2284 0.2284 0.1465 0.0819 
480 sort 2 63 66 NA NA 08/29/1999 Wheat 06117/1999 07107/1999 . 53 0.2317 0.2317 0.1310 0.1007 
446 sort 2 63,66 NA NA 09/16/1999 Wheat 08117/1999 07107/1999 71 0.2046 0.2046 0.1195 0.0851 
53 0.2999 0.2999 0.1825 0.1173 
I 
489 sort 3 64,67 NA NA 08/19/1999 Wheat 08/17/1999 0710711999 43 0.4248 0.4248 0.3217 0.1031 
354 sort 3 64 ,67 NA NA 08/23/1999 Wheat 08/17/1999 07107/1999 47 0.1948 0.1948 0.0606 0.1342 
325 sort 3 64,67 NA NA 08/30/1999 Wheat 08/1711999 07/07/1999 54 0.2267 0.2267 0.1007 0.1261 
41 1 sort 3 64 ,67 NA NA 08/31/1999 Wheat 08/17/1999 07/07/1999 . 55 0.2709 0.2709 0.194B 0.0761 
'.3 36 sort 3 64 67 NA NA 09/01/1999 Wheat 08117/1999 07/0711999 56 0.1874 0.1874 0.1318 0.0557 
51 0.261 0 0.2610 0.1619 0.0990 
371 L. Term 1 114118 0811711999 11/05/1999 11/13/1999 Wheat 11/05/1999 07/07/1999 129 0. 1432 0.1432 0.1097 0.0336 
403 L. Term 1 114118 08117/1999 11/05/1999 11/20/1999 Wheat 1110511999 07/07/1999 136 0. 1482 0.1482 0.0974 0.0508 
377 L. Term 1 114 118 0811711999 11/05/1999 11/29/1999 Wheat 11/05/1999 07/07/1999 145 0.1997 0.1997 0.1105 0.0892 
369 L. Term 1 114118 08117/1999 11/05/1999 11/29/1999 Wheat 11105/1999 07/07/1999 145 0.2832 0.2832 0.0638 0.2194 
139 0.1936 0.1936 0.0954 0.0962 
357 L. Term 2 115,119 08/17/1999 11105/1999 11/20/1999 Wheat 11/05/1999 07/07/1999 136 0.2194 0.2194 0.1048 0.1146 
373 L.Term 2 115119 08/17/1999 11105/1999 11/21/1999 Wheat 11/05/1999 07/07/1999 137 0.2357 0.2357 0.1416 0.0941 
409 L.Term 2 115119 08/17/1999 11105/1999 11/21/1999 Wheat 11/05/1999 07/07/1999 137 0.4445 0.4445 0.0974 0.3471 
380 L.Term 2 115,119 08/17/1999 11/05/1999 11/29/1999 Wheat 11/05/1999 07/07/1999 145 0.1678 0.1678 0.0548 0.1130 
139 0.2668 0.2668 0.0997 0.1672 
335 L. Term 3 116 120 08/17/1999 11/05/1999 11/20/1999 Wheat 11105/1999 07/07/1999 136 0.2038 0.2038 0.1203 0.0835 
4 ,o L.Term 3 116120 08/17/1999 11/05/1999 11/28/1999 Wheat 11105/1999 07/07/1999 144 0.2554 0.2554 0.1441 0.1113 
140 0.2206 0.2296 0.1322 0.0974 
407 L. Term 4 117121 08/17/1999 11/05/1999 11/06/1999 Wheat 11105/1999 07/07/1999 122 0. 1776 0.1776 0.1031 0.0745 
404 L. Tenn 4 117121 08/17/1999 11/05/1999 11/12/1999 Wheat 11/05/1999 07/07/1999 126 0.0982 0.0982 0.0737 0.0246 
340 L. Term 4 117.121 08/17/1999 11 /05/1999 11/10/1999 Wheat 11105/1999 07/07/1999 126 0.1015 0.1015 0.0794 0.0221 
381 L. Term 4 117121 08/17/1999 11/05/1999 11/1011999 Wheat 11/05/1999 07/07/1999 126 0.1694 0.1694 0.1089 0.0606 
356 L. Term 4 117121 08/17/1999 11/05/1999 11/06/1999 Wheat 11/05/1999 07/07/1999 122 0.1162 0.1162 0.0622 0.0540 
"125 0.1326 0.1 326 0.0855 0.0471 
I 
434 sort 1 106,110 NA NA 11/1411999 Wheat 11/05/1999 0710711999 130 0.2251 02251 0.0958 0.1293 
465 sort 1 NA NA 11/22/1999 Wheat 11/05/1999 0710711999 138 0.20B7 0.2087 0.0859 0.1228 
456 sort 1 NA NA 12/01/1999 Wheat 11/05/1999 07/07/1999 147 0.1228 0.1228 0.0532 0.0696 
418 sort 1 NA NA 11/13/1999 Wheat 11/05/1999 07/0711999 129 0.2497 0.2497 0.1400 0.1097 
136 0.2016 0.2016 0.0937 0. 1078 
375 sort 2 107,111 NA NA 11/14/1999 Wheat 11/05/1999 07/0711999 130 0.3266 0.3266 0.1809 0.1457 
3.."'i2 sort 2 NA NA 11/21/1999 Wheat 11/05/1999 07/07/1999 137 0.1252 0.1252 0.0761 0.0491 
448 sort 2 NA NA 11/21/1999 Wheat 11105/1999 07/0711999 137 0.2726 0.2726 0.0941 0.1784 
467 sort 2 ' NA NA 11/22/1999 Wheat 11/05/1999 07107/1999 138 0.2186 0.2186 0.0786 0.1400 I 136 0.2357 0.2357 0.1074 0.1283 
379 sort 3 108112 NA NA 11/13/1999 Wheat 11/05/1999 07/07/1999 129 0.3839 0.3839 0.1359 0.2480 
436 sort 3 NA NA 11/1311999 Wheat 11/05/1999 07/07/1999 129 0.3299 0.3299 0.1570 0.1629 
427 sort 3 NA I NA 11/2011999 Wheat 11/05/1999 07/07/1999 136 0.3053 0.3053 0.1613 0.1441 
341 sort 3 NA NA 11/22/1999 Wheat 11/05/1999 07/07/1999 138 0.2194 0.2194 0.1195 0.0999 
133 0.3096 0.3096 0.1 459 0.1637 
346 sort 4 109,113 NA NA 12102/1999 Wheat 11/05/1999 07/07/1999 148 0.1121 0.1121 0.0458 0.0663 
383 sort 4 NA NA 10/25/1999 Wheat 11/05/1999 07/07/1999 110 0.1187 0.1187 0.0769 0.0417 
464 sort 4 NA NA 10/2511999 Wheat 11/05/1999 07/0711999 110 0.1367 0.1367 0.0548 0.0819 
123 0.1225 0 .1225 0.0592 0 .0633 
416 S. Term 1 I 180,183 11/05/1999 03115/2000 03/20/2000 Wheat 03/15/2000 07/07/1999 257 0.1703 0.1703 0.0622 0.1080 
382 S. Term 1 I 11/05/1999 0311512000 04/04/2000 Wheat 03/15/2000 07/0711999 2n 0.2611 0.2611 0.0933 0.1678 
367 S. Term 1 i 11/05/1999 03/15/2000 04/15/2000 Wheat 03/15/2000 07/0711999 283 0.1776 0.1776 0.0737 0.1040 
3!:1 1 S. Term 1 11/05/1999 03/15/2000 04/16/2000 Wheat 03/15/2000 07/07/1999 284 0.1285 0.1265 0.0499 0.0786 
372 S. Term 1 11/0511999 03/15/2000 04/19/2000 Wheat 03/15/2000 07/07/1999 287 0. 1326 0.1326 0.0753 0.0573 
277 0.1740 0.1 740 0.0709 0.1031 
422 S. Term 2 181 ,184 11/05/1999 03/15/2000 03/21/2000 Wheat 03/1512000 07/0711999 258 0.2390 0.2390 0.1220 0.1171 
320 S. Term 2 11/0511999 03/15/2000 04/07/2000 Wheat 03/15/2000 07/07/1999 275 0.1596 0.1596 0.0450 0.1146 
338 S. Term 2 11 /0511999 03/15/2000 04/16/2000 Wheat 03/15/2000 07/07/1999 284 0.1809 0.1809 0.0606 0.1203 
399 S. Term 2 11/05/1999 03/15/2000 04/16/2000 Wheat 03/1512000 07/07/1999 284 0.2071 0.2071 0.1203 0.0868 
421 S. Term 2 1110511999 03/15/2000 04116/2000 Wheat 03/15/2000 07/07/1999 284 0.1432 0.1432 0.0729 0.0704 
277 0.1860 0.1860 0.0841 0. 1018 
94 
324 S. Term 3 182,185 11/05/1999 03/15/2000 03/21/2000 Wheat 03/15/2000 07/07/1999 258 0.2439 0.2439 0.0778 0.1662 
353 s. Tenn 3 11/05/1999 03/15/2000 04/03/2000 Wheat 03/15/2000 07/07/1999 271 0.2300 0.2300 0,0810 0.1490 
366 S. Term 3 11/05/1999 03/15/2000 04/06/2000 Wheat 03/15/2000 07/07/1999 274 0.1130 0.1130 0.0581 0.0548 
360 S. Term 3 11/05/1999 03/15/2000 04115/2000 Wheat 03/15/2000 07/07/1999 283 0.1793 0.1793 0.0802 0.0990 
272 0.1915 0.1915 0.0743 0.1173 
369 sort 1 168171 NA NA 02/18/2000 Wheat 03/15/2000 07/0711999 226 0.1154 0.1154 0.0696 0.0458 
412 sort 1 NA NA 02/19/2000 Wheat 03/15/2000 0710711999 227 0.2914 0.2914 0.0909 0.2005 
419 sort 1 NA NA 02/21/2000 Wheat 03/15/2000 07/0711999 229 0.1121 0.1121 0.0442 0,0679 
3?4 sort 1 NA NA 03/12/2000 Wheat 03/15/2000 07107/1999 249 0,0974 0.0974 0.05B1 0.0393 
488 sort 1 NA NA 03/14/2000 Wheat 03/15/2000 07/07/1999 251 0.1089 0.1089 0,0835 0.0254 
236 0.1450 0.1450 0.0692 0.0758 
I 
423 sort 2 169172 NA NA 02/20/2000 Wheat 03/1512000 , 07/0711999 228 0.1023 0.1023 0.0442 0.0581 
490 sort 2 NA NA 03/01/2000 Wheat 03/15/2000 0710711999 238 0.1318 0.1318 0.0467 0.0851 
436 sort 2 NA NA 03/05/2000 Wheat 03/15/2000 07/07/1999 242 0.0958 0.0958 0.0540 0,0417 
453 sort 2 NA NA 03/12/2000 Wheat 03/15/2000 0710711999 249 0.1686 0.1686 0.0778 0.0909 
444 sort 2 NA NA 03/13/2000 Wheat 03/1512000 07107/1999 250 0.1383 0.1383 0.0377 0.1007 
241 0.1274 0.1274 0.0521 0.0753 
345 sort 3 170,173 NA NA 02/23/2000 Wheat 03/15/2000 07/0711999 231 0.0990 0.0990 0.0679 0.0311 
327 sort 3 NA NA 03/01/2000 Wheat 03/15/2000 07/07/1999 238 0.0909 0.0909 0.0434 0.0475 
3"8 sort 3 NA NA 03/05/2000 Wheat 03/15/2000 07/07/1999 242 0.1416 0.1416 0.0581 0.0835 
401 sort 3 NA NA 03107/2000 Wheat 03/15/2000 07107/1999 244 0.1269 0.1269 0.0557 0.0712 
384 sort 3 NA NA 03/10/2000 Wheat 03/15/2000 07/07/1999 247 0.1842 0.1842 0.0516 0.1326 
240 0.1285 0.1285 0.0553 0.0732 
472 S.Term 1 253 256 03/15/2000 06107/2000 06113/2000 Wheat 0610712000 07107/1999 342 0.0794 0.0794 0.0548 0.0246 
445 S. Term 1 03/15/2000 06/07/2000 06114/2000 Wheat 06/07/2000 0710711999 343 0.0753 0.0753 0.0516 0.0237 
454 S. Term 1 03115/2000 06/07/2000 06/30/2000 Wheat 06/07/2000 07/07/1999 359 0.0614 0.0614 0.0368 0.0246 
455 S. Term 1 03/15/2000 06/07/2000 07/05/2000 Wheat 06/07/2000 07/0711999 364 0,0557 0.0557 0.0327 0.0229 
459 S. Term 1 03/15/2000 06/07/2000 07/08/2000 Wheat 06/0712000 07/07/1999 367 0.0933 0.0933 0.0647 0.0286 
355 0.0730 0.0730 0 0481 0.0249 
442 S. Term 2 254 257 03/15/2000 06/07/2000 06/09/2000 Wheat 06/07/2000 07/07/1999 338 0.0941 0,0941 0.0655 0.0286 
430 S. Term 2 03/15/2000 0610712000 06/2312000 Wheat 06/0712000 07/07/1999 352 0.0868 0.0868 0.0671 0.0196 
449 S. Term 2 03/15/2000 06/07/2000 06/23/2000 Wheat 06/0712000 07/07/1999 352 0.0925 0.0925 0.0426 0.0499 
460 $.Term 2 1 03/15/2000 06/0712000 06/23/2000 Wheat 06/0712000 07/07/1999 352 0.0729 0.0729 0.0475 0.0254 
44 1 S. Term 2 03/15/2000 06/07/2000 07/05/2000 Wheat 06/07/2000 07/07/1999 364 0.0630 0.0630 0.0270 0.0360 
352 0.0819 0.0819 0.0499 0.0319 
429 $ . Term 3 255 258 03/15/2000 06/0712000 06(19/2000 Wheat 06/07/2000 07/07/1999 348 0.1563 0.1563 0.0B43 0.0720 
466 S. Term 3 03/15/2000 06/07/2000 moo Wheat 06/07/2000 07/07/1999 359 0.0696 0.0696 0.0573 0.0123 443 S. Term 3 03/15/2000 06/07/2000 00 Wheat 06107/2000 07/07/1999 364 0.0671 0.0671 0.0393 0.0278 
469 S. Term 3 03/15/2000 06/0712000 00 Wheat 06/07/2000 0710711999 366 0.0458 0.0458 0.0377 0.0082 
359 0.0847 0.0047 0.0546 0.0301 
II 396 sort 1 241 244 NA NA 05/24/2000 Wheat 0710711999 322 0.1621 0.1621 0.0589 0.1031 450 sort 1 NA NA 05/30/2000 Wheat 0710711999 328 0.1195 0.1195 0.0745 0.0450 432 sort 1 NA NA 06/01/2000 Wheat 0 07107/1999 330 0.1498 0.1498 0.0769 0.0729 
420 sort 1 NA NA 06/02/2000 Wheat 06/07/2000 07107/1999 331 0.1424 0.1424 0.0778 0.0647 
328 0.1435 0.1435 00720 0.0714 
458 sort 2 242 245 NA NA 05/26/2000 Wheat 06/0712000 0710711999 324 0.1400 0.1400 0.0958 0.0442 
420 sort 2 NA NA 05/3112000 Wheat 06/07/2000 07/07/1999 329 0.1064 0.1064 0.0761 0,0303 
46 1 sort 2 NA NA 05/3112000 Wheat 06/07/2000 07/07/1999 329 0.1367 0.1367 0.0573 0.0794 
475 sort 2 NA NA 06/06/2000 Wheat 06/07/2000 07/07/1999 335 0.1072 0.1072 0.0499 0.0573 
329 0.1226 0.1226 0.0698 0.0528 
452 sort 3 243 246 NA NA 05/25/2000 Wheat 06/07/2000 07/0711999 323 0.1080 0.1080 0.0557 0.0524 
380 sort 3 NA NA 05/30/2000 Wheat 06107/2000 07107/1999 328 0.1187 0.1187 0.0794 0.0393 
478 sort 3 NA NA 05130/2000 Wheat 06/0712000 07/07/1999 328 0.1342 0.1342 0.0794 0.0548 
47 1 sort 3 NA NA 0610612000 Wheat 06/07/2000 0710711999 335 0.0843 0.0843 0.0467 0.0377 
329 0.1113 0."i1 13 0.0653 0.0460 
405 S. Term 1 308,311 06/0712000 08/1612000 08/22/2000 Wheat 08/16/2000 07107/1999 412 0.1408 0.1408 0.0990 0.0417 
393 S.Term 1 06/07/2000 08/1612000 ii Wheat 08/16/2000 07/07/1999 421 0.0442 0.0442 0.0270 0.0172 415 S. Term 1 06/07/2000 08/1612000 Wheat 08/1612000 , 07/07/1999 421 0.1031 0.1031 0.0655 0.0377 35 1 S. Term 1 06/0712000 08/16/2000 8 Wheat 08/16/2000 07/07/1999 422 0.0516 0.0516 0.0426 0,0090 
4 19 0.0849 0.0849 0 .0585 0.0264 
349 S. Tenn 2 309 312 06/07/2000 08/16/2000 0812812000 Wheat 08/16/2000 I 07/07/1999 418 0.0352 0.0352 0.0311 0.0041 
417 S. Term 2 06/07/2000 08/16/2000 09/01/2000 Wheat 08/1612000 07/07/1999 422 0.1072 0.1072 0.0761 0.0311 
487 S. Term 2 06/07/2000 08/16/2000 09/11/2000 Wheat 08116/2000 · 07/07/1999 432 0.0835 0.0835 0.0319 0.0516 
424 0.0753 0.0753 0.0464 0.0289 
337 S. Term 3 310 313 06/07/2000 08/16/2000 08/23/2000 Wheat 08/1612000 07/07/1999 413 0.0737 0.0737 0.0598 0.0139 
386 S. Term 3 -~ 08/16/2000 08/31/2000 Wheat 08/16/2000 07/07/1999 421 0.0778 0.0778 0.0475 0.0303 343 S. Term 3 08/16/2000 09/01/2000 Wheat 06/16/2000 07/07/1999 422 0.0810 0.0810 0.0540 0.0270 376 S. Term 3 08/16/2000 09/11/2000 Wheat 06/16/2000 07107/1999 432 0.0336 0.0336 0.0205 0.0131 I I 422 0.0665 0.0685 0.0454 0.0211 
95 
! 
; 
65 Cwt Based 65CwtBased 
From R.airoven: From R.airoven: 
AFD Total AFDTotal %N %C %N I %C ¾N ¾C Total Total Total Total Total 
Core# I Coarse Root Coarse Root Mass: Fraament Fraament Fine Fil18 Coarse Coarse N N C C C: N 
Mass Lencith Ratio 
fol In/cm fa N/ 100a roots) fa Nl l(o N/ 100a roots) faC\ 
42.0000 0.1888 0.0024 0.0184 0.2967 0.0173 0.3317 0.0124 0.4260 
137.0000 0.1491 0.0037 0.0184 02967 0.0173 0.3317 0.0124 0.4260 
495.0000 0.0000 #DIV/01 0.0184 0.2967 0.0173 0.3317 0.0124 0.4260 
90.0000 I 0,0510 0.0030 0.0184 0.2967 0.0173 0.3317 0.0124 0.4260 
41.0000 0.0706 0.0031 0.0184 0.2967 0.0173 0.3317 0,0124 0.4260 
0.0919 #DIViO! 0.0184 0.2067 0.0173 0.3317 0.0124 0.4260 1.6356 0.0062 34.7623 0.1316 21.2625 
55.0000 0,1048 0.0023 0.0177 0.2636 0.0147 0.2844 0.0126 0.4610 
145.0000 0.0472 0.0015 0.0177 0.2636 0.0147 0.2844 0.0126 0.4610 
131.0000 0.0687 0.0037 0.0177 0.2638 0.0147 0.2844 0.0126 0.4610 
499.0000 0.0274 0.0026 0.0177 0.2636 0.0147 0.2844 0.0126 0.4610 
129.0000 0.1152 0.0029 0.0177 0.2836 0.0147 0.2844 0.0126 0.4610 
0.0766 0.0026 0.0177 0.2836 0.0147 0.28.44 0.0126 0.4610 1.4968 0.0064 31.5901 0.1351 21.1045 
142.0000 0.0113 0.0020 0.0186 0.2926 0.0173 0.3295 0.0130 0.4517 
128.0000 0.1001 0.0026 0.0186 0.2926 0.0173 0.3295 0.0130 0.4517 
501.0000 0.0142 0.0026 0.0186 0.2926 0.0173 0.3295 0.0130 0.4517 
504.0000 0.0094 0.0029 0.0166 0.2926 0.0173 0.3295 0.0130 0.4517 
140.0000 0.0000 #DIV/0! 0.0188 0.2926 0.0173 0.3295 0.0130 0.4517 
70.0000 0.0566 0.0023 0.0166 0.2926 1 0.0173 0.3295 0.0130 0.4517 
0,0319 0.0186 0.2926 1 0.0173 0.3295 0.0130 0.4517 1.7263 0.0056 33.2502 0.1079 19.2608 
100.0000 0.0302 0.0026 0.0213 0.3341 0.0209 0.4276 0.0139 0.4561 
9.0000 0.0991 0.0023 0.0213 0.3341 0.0209 0.4276' 0.0139 0.4561 
147.0000 0.0206 0.0023 0.0213 0.3341 0.0209 0.4276 0.0139 0.4561 
27.0000 0.0415 0.0024 0.0213 0.3341 0.0209 0.4276 0.0139 0.4561 
144.0000 0.0000 #DN/0! 0.0213 0.3341 0.0209 0.4276 0.0139 0.4561 
0.0383 #DViO! 0.0213 0.3341 0.0209 0.4276 0.0139 0.4561 2.0069 0.0056 40.6973 0.1150 20.3765 
117.0000 0.0189 0.0021 0.0210 0.3363 0.0194 0.3629 0.0149 0.4272 
12.0000 0.0500 0.0019 0.0210 0.3363 0.0194 0.3629 0.0149 0.4272 
143.0000 0.0000 #DIV/OJ 0.0210 0.3363 0.0194 0.3629 0.0149 0.4272 
111.0000 0.0699, 0.0024 0.0210 0.3363 0.0194 0.3629 0.0149 0.4272 
127.0000 0.0321 0.0052 0.0210 0.3363 O.Q194 0.3629 0.0149 0.42n 
0.0342 i #OIViO! 0.0210 0.3363 0.0194 0.3829 0.0149 0.4272 1.9171 0.0046 37.7401 0.0946 19.6662 
64.0000 0.0000 #OIV/01 0.0204 0.3424 0.0166 0.3784 1 0.0139 0.4067 
94.0000 0.0196, 0.0029 0.0204 0.3424 0.0166 0.3784 0.0139 0.4067 
13.0000 0.0669 0.0026 0.0204 0.3424 0.0166 0.3784 0.0139 0.4067 
107.0000 0.0000 ' #DIV/0! 0.0204 0.3424 0.0166 0.3784 0.0139 0.4067 
136.0000 0.0000 #DlV/0! 0.0204 0.3424 0.0166 0.3764 0.0139 0.4067 
0.0177 #DIVI0! 0.0204 0.3424 0.0166 0.3764 00139 0.4067 1.6716 0.0041 36.9366 0.0603 19.7351 
10.0000 0.1104 0.0033 0.0190 0.3292 0.0178 0.3799 0.0143 0.4005 
102.0000 0.0000 #DIV/0! 0.0190 0.3292 0.0176 0.3799 0.0143 0.4005 
89.0000 0.0463 0.0022 0.0190 0.3292 0.0176 0.3799 0.0143 0.4005 
43.0000 0.0104 0.0021 0.0190 0.3292 0.0176 0.3799 0.0143 0.4005 
76.0000 0.0196 0.0017 0.0190 0.3292 0.0176 0.3799 0.0143 0.4005 
0.0374 ttOIV/0! 0.0190 0.3292 0.0178 0.3799 0.0143 0.4005 1.7603 0.0044 37.1051 0.0924 21.0790 
81.0000 0.0284 0.0027 0.0169 0.3151 0.0163 0.4009 0.0135 0.4332 
33.0000 0.0198 0.0023 0.0169 0.3151 0.0163 0.4009 0.0135 0.4332 
87.0000 0.0670 0.0035 0.0169 0.3151 0.0163 0.4009 0.0135 0.4332 
78.0000 0.0793 0.0021 0.0169 0.3151 0.0163 0.4009 0.0135 0.4332 
83.0000 0.0415 0.0022 0.0169 0.3151 0.0163 0.4009 0.0135 0.4332 
0.0468 0.0026 0.0189 0.3151 0.0103 0.4009 0.0135 0.4332 1.7714 0.0054 36.4612 0.1175 21.7116 
61.0000 0.0321 0.0016 0.0205 0.3497 0.0166 0.4170 0.0152 0.4209 
105.0000 0.0612 0.0030 0.0205 0.3497 0.0166 0.4170 0.0152 0.4209 
135.0000 0.0349 0.0021 0.0205 0.3497 0.0166 0.4170 0.0152 0.4209 
110.0000 0.0274 0.0020 0.0205 0.3497 0.0166 0.4170 0.0152 0.4209 
106.0000 0.0245 0.0021 0.0205 0.3497 0.0166 0.4170 0.0152 0.4209 
0.0400 00022 0.0205 0.3497 0.0166 0.4170 0.0152 0.4209 1.6511 0.0051 40.2523 0.1115 21.7450 
I 
92.0000 0.0151 0.0022 0.0210 0.3736 0.0192 0.4265 0.0154 0.4624 
8.0000 0.0000 #DIV/0! 0.0210 0.3736 0.0192 0.4265 0.0154 0.4624 
48.0000 0.1142 0.0026 0.0210 0.3736 0.0192 0.4265 0.0154 0.4624 
112.0000 0.0094 0.0050 0.0210 0.3736 0.0192 0.4265 0.0154 0.4624 
0.0347 #DfV/0! 0.0210 0.3736 0.0192 0.4265 0.0154 0.4624 1.9149 0.0034 41.3536 0.0734 21.5957 
39.0000 0.0340 0.0037 0.0207 0.3756 0.0179 0.4193 0.0136 0.4440 
30.0000 0.0094 0.0016 0.0207 0.3756 0.0179 0.4193 0.0136 0.4440 
5.0000 0.0434 0.0030 0.0207 0.3756 0.0179 0.4193 0.0136 0.4440 
1.0000 0.0311 0.0026 0.0207 0.3756 0.0179 0.4193 0.0136 0.4440 
0.0295 0.0027 0.0207 0.3756 00179 0.4193 0.0136 0.4440 1.6216 0.0033 40.7369 0.0749 22.3605 
99.0000 0.0359 0.0016 0.0206 0.3739 0.0204 0.4285 0.0178 0.4336 
24.0000 0.0321 0.0018 0.0206 0.3739 0.0204 0.42851 0.0178 0.4336 
85.0000 0.0500 0.0037 0.0206 0.3739 0.0204 0.4265 0.0176 0.4336 
4.0000 0.0189 0.0026 0.0206 0.3739 0.0204 0.4265 0.0176 0.4336 
74.0000 0.0160 0.0016 0.0206 0.3739 0.0204 0.4265 0.0178 0.4338 
0.0306 0.0023 0.0206 0.3739 0 .0204 0.4285 0.0178 0.4338 2.0054 0.0039 40.7901 0.0799 20.3399 
96.0000 0.0000 #DIV/0! 0.0192 0.3162 0.0165 0.4184 0.0162 0.4413 
72.0000 0.0104 0.0015 0.0192 0.3162 0.0165 0.4164 0.0162 0.4413 
37.0000 0.0444 0.0027 0.0192 0.3162 0.0185 0.4184 0.0162 0.4413 
507.0000 0.0236 0.0027 0.0192 0.3162 0.0185 0.4164 0.0162 0.4413 
509.0000 0.0680 0.0022 0.0192 0.3162 0.0165 0.4164 0.0162 0.4413 
0.0293 #DIV/0! 0.0192 0.3162 0.0165 0.4184 0.0162 0.4413 1.8465 0.0046 36.9269 0.0966 21.0611 
96 
79.0000 0.0189 0.0020 0.0206 0.3402 0.0188 0.3828 0.0164 0.4215 
18.0000 0.0368 0.0024 0.0206 0.3402 0.0188 0.3828 0.0164 0.4215 
95.0000 0.0198 0.0022 0.0206 0.3402 0.0188 0.3828 0.0164 0.4215 
149.0000 0.0614 0.0028 0.0206 0.3402 O.D188 0.3828 0.0164 0.4215 
122.0000 0.0359 0.0024 0.0206 0.3402 0.0188 0.3828 0.0164 0.4215 
0.0345 0.002• 0.0206 0.3402 0.0188 0.3028 0.0164 0.4215 1.9135 0.0042 372027 0.0815 19.4425 
38.0000 0.0982 0.0032 0.0200 0.3502 0.0189 0.4057 O.Q173 0.4501 
123.0000 0.0094 0.0018 0.0200 0.3502 0.0189 0.4057 0.0173 0.4501 
67.0000 0.0000 #DIV/0! 0.0200 0.3502 0.0189 0.4057 0.0173 0.4501 
32.0000 0.0028 0.0012 0.0200 0.3502 0.0189 0.4057 0.0173 0.4501 
125.0000 0.0566 0.0021 0.0200 0.3502 0.0189 0.4057 0.0173 0.4501 
0.0334 #OIV/0! 0.0200 0.3502 0.0189 0.4057 0.0173 0.4501 1.8982 0.0041 39.5390 0.0858 20.8292 
17.0000 0.0123 0.0015 0.0212 0.3565 0.0186 0.3861 0.0154 0.3237 
91.0000 0.0434 0.0017 0.0212 0.3565 0.0186 0.3861 0.0154 0.3237 
68.0000 0.0472 0.0016 0.0212 0.3565 0.0186 0.3861 0.0154 0.3237 
22.0000 0.0529 0.0045 0.0212 0.3565 0.0186 0.3861 0.0154 0.3237 
26.0000 0.0009 0.0016 0.0212 0.3565 0.0186 0.3861 0.0154 0.3237 
0.0313 0.0022 0.0212 0.3565 0.0186 0.3861 0.0154 0:3237 1.6819 0.0033 36.6170 0.0644 19.4579 
35.0000 0.0245 0.0023 0.0212 0.3641 0.0201 0.3820 1 0.0158 0.4015 
19.0000 0.0047 0.0014 0.0212 0.3641 0.0201 0.3820 0.0158 0.4015 
69.0000 0.0000 #DIV/01 0.0212 0.3641 0.0201 0.3820 0.0158 0.4015 
75.0000 0.0189 0.0023 0.0212 0.3641 0.0201 0.3820 0.0158 0.4015 
58.0000 0.0274 0.0018 0.0212 0.3641 0.0201 0.3820 0.0158 0.4015 
0.0151 #OIV!O! 0.0212 0.3641 0.0201 0.3820 0.0158 0.4015 2.0023 0.0027 37.7684 0.0516 18.8628 
50.0000 0.0000 #DIV/01 0.0206 0.3504 0.0205 0.4032 0.0174 0.4307 
114.0000 0.0699 0.0027 0.0206 0.3504 0.0205 0.4032 0.0174 0.4307 
25.0000 0.0019 0.0006 0.0206 0.3504 0.0205 0.4032 0.0174 0.4307 
28.0000 0.0038 0.0012 0.0206 0.3504 0.0205 0.4032 0.0174 0.4307 
23.0000 0.0132 0.0014 0.0206 0.3504 0.0205 0.4032 0.0174 0.4307 
0.0177 #D!V/0! 0.0206 0.3504 0.0205 0.4032 0.0174 0.4307 2.0068 0.0024 38.4629 0.0452 19.1663 
77.0000 0.0255 0.0025 0.0189 0.3503 0.0184 0.4069 0.0133 0.4079 
15.0000 0.0208 0.0021 0.0189 0.3503 0.0184 0.4069 0,0133 0.4079 
49.0000 0.0632 0.0029 0.0189 0.3503 0.0184 0.4069 0.0133 0.4079 
0.0365 0.0025 0.0189 0.3503 0.0184 0.4069 0.0133 0.4079 1.7594 0.0033 38.5034 0.0730 21.8840 
57.0000 0.0746 0.0025 0.0217 0.3709 0.0190 0.4384 0.0151 0.4505 
60.0000 0.0293 0.0023 0.0217 0.3709 0.0190 0.4384 0.0151 0.4505 
71.0000 0.0368 0.0030 0.0217 0.3709 0.0190 0.4384 0.0151 0.4505 
21.0000 0.0321 0.0018 0.0217 0.3709 0.0190 0.4384 0.0151 0.4505 
0.0432 0.0024 0.0217 0.3709 0.0190 0.4384 0.0151 0.4505 1.9203 0.0048 41.8633 0.1041 21.8002 
46.0000 0.0444 0.0028 0.0198 0.3451 0.0193 0.4116 0.0165 0.4365 
34.0000 0.1595 0.0028 0.0198 0.3451 0.0193 0.4116 0.0165 0.4365 
7.0000 0.0293 0.0021 0.0198 0.3451 O.D193 0.4116 0.0165 0.4365 
64.0000 0.0444 0.0035 0.0198 0.3451 0.0193 0.4116 0.0165 0.4365 
0.0594 0.0028 0.0198 0.3451 0.0193 0.4116 0.0165 0.4365 1.8747 0.0051 39.5075 0.1073 21 .0739 
139.0000 0.0066 0.0017 0.0196 0.3117 0.0174 0.3541 0.0152 0.4610 
492.0000 0.0264 0.0020 0.0196 0.3117 0.0174 0.3541 O.Q152 0.4610 
496.0000 0.0113 0.0017 0.0196 0.3117 0.0174 0.3541 0.0152 0.4610 
5120000 0.0500 0.0020 0.0196 0.3117 0.0174 0.3541 0.0152 0.4610 
0.0236 0.0018 0.0196 0.3117 0.0174 0.3541 0.0152 0.4610 1.7740 0.0026 35.7639 0.0532 20.1597 
66.0000 0.0245 0.0021 0.0190 0.3054 0.0180 0.3242 0.0158 0.4348 
118.0000 0.0000 #DIV/OI 0.0190 0.3054 0.0180 0.3242 0.0158 0.4348 
124.0000 0.0661 0.0028 0.0190 0.3054 0.0180 0.3242 0.0158 0.4348 
126.0000 0.0198 0.0022 0.0190 0.3054 0.0180 0.3242 0.0158 0.4348 
0.0276 #OIV/0! 0.0190 0.3054 0.0180 0.3242 0.0158 0.4348 1.7982 0.0036 33.4781 0.0668 18.6179 
52.0000 0.0208 0.0014 0.0192 0.3074 0.0182 0.3574 0.0158 0.4160 
494.0000 0.0094 0.0015 0.0192 0.3074 0.0182 0.3574 0.0158 0.4160 
508.0000 0.0113 0.0014 0.0192 0.3074 0.0182 0.3574 0.0158 0.4160 
511.0000 0.0491 0.0018 0.0192 0.3074 0.0182 0.3574 0.0158 0.4160 
0.0227 0.0015 0.0192 0.3074 0.0182 0.3574 0.0158 0.4160 1.8187 0.0031 35.0260 0.0588 192593 
169.0000 0.0508 0.0050 0.0174 0.4096 0.0159 0.4340 0.0106 0.4863 
206.0000 0.1333 0.0101 0.0174 0.4096 0.0159 0.4340 0.0106 0.4863 
163.0000 0.0462 0.0042 0.0174 0.4096 0.0159 0.4340 0.0106 0.4863 
287.0000 0.2267 0.0108 0.0174 0.4096 0.0159 0.4340 0.0106 0.4863 
310.0000 0.1714 0.0055 0.0174 0.4096 0.0159 0.4340 0.0106 0.4863 
0.1257 0.0071 0.0174 0.4096 0.0159 0.4340 0.0106 0.4863 1.5390 0.0091 43.5015 0.2568 28.2667 
209.0000 0.1623 0.0075 0.0162 0.3688 0.0156 0.4370 0.0114 0.4866 
216.0000 0.2213 0.0057 0.0162 0.3688 0.0156 0.4370 0.0114 0.4866 
187.0000 0.0390 0.0024 0.0162 0.3688 0.0156 0.4370 O.Q114 0.4866 
293.0000 0.0508 0.0047 0.0162 0.3688 0.0156 0.4370 0.0114 0.4866 
264.0D00 0.0626 0.0031 0.0162 0.3688 0.0156 0.4370 0.0114 0.4866 
284.0000 0.1641 0.0034 0.0162 0.3688 0.0156 0.4370 0.0114 0.4866 
0.1 167 0.0045 0.0162 0.3688 0.0156 0.4370 0.0114 0.4866 1.4999 0.0095 42.5556 0.2698 28.3730 
199.0000 0.0426 0.0027 0.0159 0.3621 0.0156 0.4476 0.0115 0.4919 
266.0000 0.2231 0.0048 0.0159 0.3621 0.0156 0.4476 0.0115 0.4919 
232.0000 0.0290 0.0033 0.0159 0.3621 0.0156 0.4476 0.0115 0.4919 
254.0000 0.1614 0.0077 0.0159 0.3621 0.0156 0.4476 0.0115 0.4919 
308.0000 0.4462 0.0087 0.0159 0.3621 0.0156 ' 0.4476 0.0115 0.4919 
249.0000 0.2240 0.0051 0.0159 0.3621 0.0156 0.4476 0.0115 0.4919 
o.1an 0,0054 0.0159 0.3621 0.0156 0.4476 0.0115 0.4919 1.4701 0.0113 43.0100 0.3299 29.2571 
152.0000 0.0290 0.0027 0.0162 0.3553 0.0135 0.3896 0.0090 0.4834 
252.0000 0.1369 0.0067 0.0162 0.3553 0.0135 0.3896 0.0090 0.4834 
185.0000 0.0988 0.0057 0 .0162 0.3553 0.0135 0.3896 0.0090 0.4834 
271.0000 0.0127 0.0026 0.0162 0.3553 0.0135 0.3896 0.0090 0.4834 
295.0000 0.1895 0.0085 0.0162 0.3553 0.0135 0.3896 0.0090 0.4834 
0.0934 0.0052 0.0162 0.3553 0.0135 0.3895 0.0090 0.40..14 1.3585 0.0076 39.4494 0.2203 29.0385 
168.0000 0.2367 0.0051 0.0163 0.3541 0.0132 0.4362 0.0083 0.4730 
309.0000 0.0263 0.0022 0.0163 0.3541 0.0132 0.4362 0.0083 0.4730 
312.0000 0.0644 0.0057 0.0163 0.3541 0.0132 0.4362 0.0083 0.4730 
193.0000 0.0336 0.0030 0.0163 0.3541 0.0132 0.4362 0.0083 0.4730 
224.0000 0.1342 0.0085 0.0163 0.3541 0.0132 0.4362 0.0083 0.4730 
0.0990 0.0049 0.0163 0.3541 0.0132 0.4362 0.0083 0.4730 1.3261 0.0067 41.6055 0.2101 31.3731 
97 
275.0000 0.0508 0.0028 0.0157 0.3617 0.0159 0.5033 0.0088 0.4763 
172.0000 0.0154 0.0038 0.0157 0.3617 0.0159 0.5033 0.0088 0.4763 
315.0000 0.1043 0.0075 0.0157 0.3617 0.0159 0.5033 0.0088 0.4763 
160.0000 0.1197 0.0034 0.0157 0.3617 0.0159 0.5033 0.0088 0.4763 
192.0000 0.1542 0.0048 0.0157 0.3617 0.0159 0.5033 0.0088 0.4763 
0.0889 0.0045 0.0157 0.3617 0.0159 0.5033 0.0088 0.4763 1.4766 0.0087 45.3033 0.2677 30.6803 
200.0000 0.0589 0.0068 0.0153 0.3435 0.0152 0.4381 0.0095 0.4924 
289.0000 0.0181 0.0036 0.0153 0.3435 0.0152 0.4381 0.0095 0.4924 
304.0000 0.0952 0.0044 0.0153 0.3435 0.0152 0.4381 0.0095 0.4924 
278.0000 0.0916 0.0045 0.0153 0.3435 0.0152 0.4381 0.0095 0.4924 
276.0000 0.2539 0.0065 0.0153 0.3435 0.0152 0.4381 0.0095 0.4924 
0.1036 0.0052 0 .0153 0.3435 0.0152 0.4381 0.0095 0.4924 1.4220 0.0084 42.3670 0.2498 29.7932 
268.0000 0.0390 0.0031 0.0167 0.3546 0.0155 0.4310 0.0091 0.4952 
242.0000 0.0880 0.0068 0.0167 0.3546 0.0155 0.4310 0.0091 0.4952 
170.0000 0.0807 0.0058 0.0167 0.3546 0.0155 0.4310 0.0091 0.4952 
207.0000 0.0852 0.0035 0.0167 0.3546 0.0155 0.4310 0.0091 0.4952 
282.0000 0.0018 0.0015 0.0167 0.3546 0.0155 0.4310 0.0091 0.4952 
0.0589 0.0041 0.01 67 0.3546 0.0155 0.4310 0.0091 0.4952 1.5058 0.0075 41.7027 0.2082 27.6948 
246.0000 0.0580 0.0045 0.01 71 0.3743 0.0138 0.4620 0.0117 0.4661 
250.0000 0.0816 0.0042 0.0171 0.3743 0.0138 0.4620 0.0117 0.4661 
173.0000 0.0154 0.0059 0.0171 0.3743 0.0138 0.4620 0.0117 0.4661 
156.0000 0.2666 0.0064 0.0171 0.3743 0.0138 0.4620 0.0117 0.4661 
258.0000 0.0571 0.0035 0.0171 0.3743 0.0138 0.4620 0.0117 0.4661 
0.0!)58 0.0049 0.0171 0.3743 0.01 38 0.4820 0.01 17 0.4661 1.4388 0.0087 43.7532 0.2641 30.4086 
263.0000 0.0000 #ON/0! 0.0140 0.3292 0.0124 0.4014 0.0079 0.4790 
319.0000 0.0127 0.0079 0.0140 0.3292 0.0124 0.4014 0.0079 0.4790 ' 
231.0000 0.1134 0.0096 0.0140 0.3292 0.0124 0.4014 0.0079 0.4790 
307.0000 0.0961 0.0088 0.0140 0.3292 0.0124 0.4014 0.0079 0.4790 
0.0555 #DIV/0! 0.0140 0.3292 0.01 24 0.4014 0.0079 0.4790 1.2326 0.0069 39.1241 0.2199 31.7409 
247.0000 0.1342 0.0075 0.0137 0.3134 0.0118 0.3847 0.0077 0.4947 
229.0000 0.0390 0.0070 0.0137 0.31 34 0.0118 0.3847 0.0077 0.4947 
219.0000 0.1242 0.0083 0.0137 0.3134 0.0118 0.3847 0.0077 0.4947 
0.0991 0.0076 0.0137 0.3134 0.0118 0.3847 o.oon 0.4947 1.1576 0.0081 38.6329 0.2701 33.3731 
178.0000 0.0163 0.0043 0.0132 0.3090 0.0130 0.4038 0.0086 0.4620 
255.0000 0.0317 0.0062 0.0132 0.3090 0.0130 0.4038 0.0086 0.4620 
297.0000 0.1224 0.0074 0.0132 0.3090 0.0130 0.4038 0.0086 0.4620 
0.0568 00060 0.0132 0.3090 0.0130 0.4038 0.0086 0.4620 1.2634 0.0074 38.0549 0.2228 30.1 210 
208.0000 0.0643 0.0071 0,0168 0.3765 0.0130 0.4037 0.0088 0.4863 
240.0000 0.0589 0.0047 0.0168 0.3765 0.0130 0.4037 0.0088 0.4863 
164.0000 0.0852 0.0080 0.0168 0.3765 0.0130 0.4037 0.0088 0.4863 
290.0000 0.0363 0.0053 0.0168 0.3765 0.0130 0.4037 0.0088 0.4863 
162.0000 0.0200 0.0040 0.0168 0.3765 0.0130 0.4037 0.0088 0.4863 
0 .0569 0.0054 0.01G8 0.3765 0.0130 0.4037 0.0088 0.4853 1.3414 0.0081 40.5455 0.2440 30.2259 
291 .0000 0.1478 0.0076 0.0155 0.3712 0.0138 0.4332 0.0086 0.4916 
213.0000 0.0553 0.0046 0.0155 0.3712 0.0138 0.4332 0.0086 0.4916 
251.0000 0.0617 0.0074 0.0155 0.3712 0.0138 0.4332 0.0086 0.4916 
157.0000 0.0000 #DIV/0! 0.0155 0.3712 0.0138 0.4332 0.0086 0.4916 
165.0000 0.0245 0.0048 0.0155 0.3712 0.0138 0.4332 0.0086 0.4916 
0.0579 #DNIO! 0.0155 0.3712 0.0138 0.4332 0.0086 0.4916 1.3591 0.0073 42.6970 0.2308 31.4163 
235.0000 0.0861 0.0069 0.0161 0.3958 0.0134 0.4197 0.0086 0.4796 
201.0000 0.0200 0.0034 0.0161 0.3958 0.0134 0.4197 0.0086 0.4796 
259.0000 0.1415 0.0088 0.0161 0.3958 0.0134 0.4197 0.0086 0.4796 
294.0000 0.0762 0.0063 0.0161 0.3958 0.01 34 0.4197 0.0086 0.4796 
155.0000 0.0000 #DIV/01 0.0161 0.3958 0.0134 0.4197 0.0086 0.4796 
0.0647 #OiV/0! 0.0101 0.3958 0.0134 0.4197 0.0086 0.4796 1.3451 0.0078 42.1416 0.2451 31.3306 
302.0000 0.0517 0.0044 0.0163 0.3934 0.0137 0.4240 0.0079 0.4879 
269.0000 0.0481 0.0087 0.0163 0.3934 0.0137 0.4240 0.0079 0.4879 
272.0000 0.1034 0.0081 0.0163 0.3934 0.0137 0.4240 0.0079 0.4879 
167.0000 0.0508 0.0083 0,0163 0.3934 0.0137 0.4240 0.0079 0.4879 
280.0000 0.2195 0.0110 0.0163 0.3934 O.G137 0.4240 0.0079 0.4879 
0.0947 0.0081 0.0163 0.3934 0.0137 0.4240 0.0079 0.4079 1.3000 0.0064 43.1022 0.2120 33.1557 
188.0000 0.0163 0.0063 0.0162 0.4088 0.0138 0.4690 0.0089 0.4890 
243.0000 0.1306 0.0108 0.0162 0.4088 0.0138 0.4690 0.0089 0.4890 
171.0000 0.0145 0.0035 0.0162 0.4088 0.0138 0.4690 0.0089 0.4890 
311.0000 0.0825 0.0120 0.0162 0.4088 0.0138 0.4690 0.0089 0.4890 
154.0000 0.1233 0.0078 0.0162 0.4088 0.0138 0.4690 0.0089 0.4890 
0.0735 0.0081 0.0162 0.4088 0.0 138 0.4690 0.0089 0.4890 1.3530 0.0074 46.1311 0.2508 34.0966 
298.0000 0.1569 0.0136 0.0155 0.3982 0.0139 0.4266 0.0082 0.4783 
320.0000 0.1569 0.0094 0.0155 0.3982 0.0139 0.4266 0.0082 0.4783 
161 .0000 0.0073 0.0121 0.0155 0.3982 0.0139 0.4266 0.0082 0.4783 
253.0000 0.1805 0 .0103 0.0155 0.3982 0.0139 0.4266 0.0082 0.4783 
191.0000 0.0281 0.0054 0.0155 0.3982 0.0139 0.4266 0.0082 0.4783 
0.1059 0.0102 0.0155 0.3982 0.0139 0.4266 0.0062 0.4783 1.3179 0,0080 43.0615 0.2620 32.6754 
234.0000 0.0553 0.0053 0.0164 0.4049 0.0143 0.4708 0.0088 0.4942 
296.0000 0.0000 #DIV/0! 0.0164 0.4049 0.0143 0.4708 0.0088 0.4942 
257.0000 0.0372 0.0076 0.0164 0.4049 0.0143 0.4708 0.0088 0.4942 I 
244.0000 0.0000 #DIV/01 0.0164 0.4049 0.0143 0.4708 0.0088 0.4942 
288. 0000 0.0716 0.0085 0.0164 0.4049 0.0143 0.4708 0.0088 0.4942 
0.0328 #DIVIO! 0.0164 0.4049 0.01 43 0.4708 0.0008 0.4942 1.4381 0.0073 45.8248 0.2310 31 .8639 
166.0000 0.0880 0.0076 0.0155 0.4223 0.0132 0.4601 0.0094 0.4809 
233.0000 0.0753 O.D102 0.0155 0.4223 O.o132 0.4601 0.0094 0.4809 
317.0000 0.0245 0.0094 0.0155 0.4223 0.0132 0.4601 0.0094 0.4809 
237.0000 0.0000 #DIV/QI 0.0155 0.4223 0.0132 0.4601 0.0094 0.4809 
0.0469 #DiViO! 0.0155 0.4223 0 .0132 0A-501 0.0094 0.4809 1.3345 0 .0068 45.3770 0.2317 34.0023 
230.0000 0.0716 0.0072 0.0160 0.4052 0 .0126 0.4375 0.0085 0.4723 
261.0000 0.0589 0.0140 0.0160 0.4052 0.0126 0.4375 0.0085 0.4723 
301.0000 0.1043 0.0049 0.0160 0.4052 0.0126 0.4375 0.0085 0.4723 
303.0000 0.0889 0.0178 0.0160 0.4052 0.0126 0.4375 0.0085 0.4723 
0.0009 0.0110 0.0160 0.4052 0.0126 0.4375 0.0005 0.4723 1.2498 0.0073 43.7889 0.2562 35.0358 
98 
214.0000 0.0363 0.0070 0.0166 0.4247 0.0131 0.4453 0.0091 0.4799 
273.0000 0.0680 0.0115 0.0166 0.4247 0.0131 0.4453 0.0091 0.4799 
265.0000 0.0907 0.0080 0.0166 0.4247 0.0131 0.4453 0.0091 0 .4799 
270.0000 0.0308 0.0083 0.0166 0.4247 0.0131 0.4453 0.0091 0.4799 
0.('564 0.0087 0.0166 0.4247 0 .0131 0.4453 0.0091 0.4799 1.3405 0.0065 44.4704 0.2157 33.1739 
220.0000 0.0526 0.0056 0.0149 0.3895 0.0128 0.4599 0.0108 0.4721 
260.0000 0.0000 #DIV/01 0.0149 0.3895 0.0128 0.4599 0.0108 0.4721 
180.0000 0.0000 #DIV/OI 0.0149 0.3695 0.0128 0.4599 0.0106 0.4721 
241.0000 0.0544 0.0062 0.0149 0.3695 0.0128 0.4599 0.0108 0.4721 
0.0268 #D!V/0! 0.0149 0.3895 0.0128 0.4599 0.0108 0.4721 1.3254 0.0061 44.1289 0.2016 33.2939 
256.0000 0.0406 0,0048 0.0164 0.4195 0.0141 0.4587 0.0104 0.5034 
228.0000 0.0571 0.0035 0.0164 0.4195 0.0141 0.4587 0.0104 0.5034 
274.0000 0.0000 #OIV/0! 0.0164 0.4195 0.0141 0.4587 0.0104 0.5034 
262.0000 0.0190 0.0044 0.0164 0.4195 0.0141 0.4587 0.0104 0.5034 
0.0292 #DlViO! 0.0164 0.4195 0.0141 0.4587 0.0104 0 .5034 1.4250 0.0058 45.4460 0.1841 31 .8908 
174.0000 0.0861 0.0144 0.0178 0.4367 0.0145 0.4722 0.0083 0.4928 
286.0000 0.0716 0.0058 0.0178 0.4367 0.0145 0.4722 0.0083 0.4928 
316.0000 0.0054 0.0042 0.0178 0.4367 0.0145 0.4722 0.0083 0.4928 
0.0544 0.0081 0.0178 0.4367 0.0145 0.4722 0.0083 0.4928 1.4147 0.0054 46.9253 0.1782 33.1699 
363.0000 NA NA 0.0183 0.2961 0.0175 1 0.3324 NA NA 
402. 0000 NA NA 0.0163 0.2961 0.0175 0.3324 NA NA 
344.0000 NA NA 0.0163 0.2961 0.0175 0.3324 NA NA 
331.0000 NA NA 0.0163 0.2961 0.0175 0.3324 NA NA 
390.0000 NA NA 0.0163 0.2961 0.0175 0.3324 NA NA 
#OIV/0! 0.0183 0.2961 0.0175 0.3324 #DtV/01 #OIViO! 1.7947 0.0049 31.0417 0.0842 17.2960 
486.0000 NA NA 0.0171 02712 0.0155 0.3696 NA NA 
474.0000 NA NA 0.0171 0.2712 0.0155 0,3696 NA NA 
323.0000 NA NA 0.0171 0.2712 0.0155 0.3698 NA NA 
326.0000 NA NA 0.0171 0.2712 0.0155 0.3696 NA NA 
480.0000 NA NA 0.0171 0.2712 0.0155 0.3696 NA NA 
446.0000 NA NA 0.0171 0.2712 0.0155 0.3698 NA NA 
#-OlV/0! #O!V/0! 0.0171 0.271 2 0.0155 0.3698 #DIViO! #DIV/0! 1.6492 0.0049 30.9768 0.0929 16.7633 
489.0000 NA NA 0.0146 0.2738 0.0162 0.3633 NA NA 
354.0000 NA NA 0.0146 0.2736 0.0162 0.3633 NA NA 
325.0000 NA NA 0.0146 0.2736 0.0162 0.3833 NA NA 
411.0000 NA NA 0.0146 0.2736 0.0162 0.3633 NA NA 
336.0000 NA NA 0.0146 0.2738 0.0162 0.3633 NA NA 
#DIV/0! #DViO! 0.0146 0.2738 0.0162 0.3633 #DIVJO! 1.5170 0.0040 30.TT59 0.0803 202677 
371.0000 NA NA 0.0160 0.2954 0.0171 0.2735 NA NA 
403.0000 NA NA 0.0160 0.2954 0.0171 0.2735 NA NA 
377.0000 NA NA 0.0160 0.2954 0.0171 0.2735 NA NA 
389.0000 NA NA 0.0160 0.2954 0.0171 0.2735 NA NA 
#DIV/0! #DiV/0! 0.0160 0.2954 0.0171 0.2735 #DIV/0! #DIV/0! 1.6542 0.0032 26.4266 0.0550 17.1659 
357.0000 NA NA 0.0133 0.2319 0.0183 0.2838 NA NA 
373.0000 NA NA 0.0133 0.2319 0.0183 0.2838 NA NA 
409.0000 NA NA 0.0133 0.2319 0.0183 0.2838 NA NA 
380.0000 NA NA 0.0133 0.2319 0.0183 0.2636 NA NA 
#DIV/0! #DNiO! 0.0133 0.2319 0.0183 0.2838 #D IV/Ot #DIV/0! 1.6435 0.0044 26.4415 0.0706 16.0862 
335.0000 NA NA 0.0181 0.3707 0.0195 0.3106 NA NA 
410.0000 NA NA 0.0181 0.3707 0.0195 0.3106 NA NA 
#D!VIO! #OIViO! 0.0181 0.3707 0.01 95 0.310$ #C1Vi'01 #01\/iO! 1.6701 0.0043 34.5200 0.0793 16.4593 
407.0000 NA NA 0.0205 0.3646 0.0228 0.3729 NA NA 
404.0000 NA NA 0.0205 0.3646 0.0226 0.3729 NA NA 
340.0000 NA NA 0.0205 0.3646 0.0226 0.3729 NA NA 
381.0000 NA NA 0.0205 0.3848 0.0228 0.3729 NA NA 
356.0000 NA NA 0.0205 0.3848 0.0226 0.3729 NA NA 
ff.O!ViO! #DIV!O! 0.0205 0.3646 0.0228 0.3729 #DIViO! #DIVIO! 2.1324 0.0026 36.0555 0.0505 17.8466 
434.0000 NA NA 0.0189 0.2696 0.0159 0.2715 NA NA 
465.0000 NA NA 0.0169 0.2896 0.0159 0.2715 NA NA 
456.0000 NA NA 0.0169 0.2896 0.0159 0.2715 NA NA 
4 18.0000 NA NA 0.0169 0,2696 0.0159 02715 NA NA 
#OIV/0! #OlV!O! 0.0189 0.2696 0.0159 0.271 5 #OIV/0! #DIV/0! 1.7310 0.0035 27.9903 0.0564 16.1702 
375.0000 NA NA 0.0172 0.2656 0.0166 0.3247 NA NA 
352.0000 NA NA 0.0172 0.2658 0.0168 0.3247 NA NA 
448.0000 NA NA 0.0172 0.2656 0.0166 0.3247 NA NA 
467.0000 NA NA 0.0172 0.2656 0.0166 0.3247 NA NA 
t:OIV!O! #DNIO! 0.0172 0.2658 0.0168 0.3247 #DIVIO! #OlV/0! 1.6994 0.0040 29.7651 0.0702 17.5270 
379.0000 NA NA 0.0170 0.2749 0.0162 0.3026 NA NA 
435.0000 NA NA 0.0170 0.2749 0.0162 0.3026 NA NA 
427.0000 NA NA 0.0170 0.2749 0.01 62 0.3026 NA NA 
341.0000 NA NA 0.0170 0.2749 0.0162 0.3026 NA NA 
#ON/0! #DIV!O! 0.0170 0.2749 0.0162 0.3026 #DIV/0! #DIV/0! 1.6576 0.0051 26.9517 0,0696 17.4641 
346.0000 NA NA 0.0212 0.3664 0.0182 0.3836 NA NA 
383.0000 NA NA 0.0212 0.3664 0.0182 0.3636 NA NA 
464.0000 NA NA 0.0212 0.3664 0.0162 0.3636 NA NA 
#O!V/0! #O:ViO! 0.0212 0.3664 0.0182 0.3836 itDIViO! #DIV/0! 1.9648 0.0024 37.5269 0.0460 19.1010 
416.0000 NA NA 0.0234 0.3661 0.0184 0.3574 NA NA 
382.0000 NA NA 0.0234 0.3861 0.0184 0.3574 NA NA 
367.0000 NA NA 0.0234 0.3861 0.0184 0,3574 NA NA 
391.0000 NA NA 0.0234 0.3861 0.0184 0.3574 NA NA 
372.0000 NA NA 0.0234 0.3661 0.0184 0.3574 NA NA 
#DIV/0! #OIViO! 0.023-4 0.3861 0.0184 0.3574 #DIV/Of #D!V/0! 2.0435 0.0036 36.9076 0.0642 18.0608 
422.0000 NA NA 0.0173 0.2901 0.0163 0.3454 NA NA 
328.0000 NA NA 0.0173 0.2901 0.0183 0.3454 NA NA 
338.0000 NA NA 0,0173 0,2901 0.0163 0.3454 NA NA 
399.0000 NA NA 0.0173 0.2901 0.0163 0.3454 NA NA 
421.0000 NA NA 0.0173 0.2901 0.0183 0.3454 NA NA 
#DIV/0! #DIV/0! 0.0173 0.2901 0.0183 0.3454 #DIV!O! #OIV/0! 1.7649 0.0033 32.0376 0,0596 17.9496 
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324.0000 NA NA 0.0186 0.3009 O.D172 0.3544 °NA NA 
353.0000 NA NA 0.0186 0.3009 0.0172 0.3544 NA NA 
366.0000 NA NA 0.0186 0.3009 0.0172 0.3544 NA NA 
360.0000 NA NA 0.0186 0.3009 0.0172 0.3544 NA NA 
#OIV/0! #DIV/0! 0.0186 0.3009 0.0172 0.3544 #OIV/0! #ON/0! 1.7751 0.0034 33.3635 0.0639 18.7948 
369.0000 NA NA 0.0191 0.3353 0.0177 0.3865 NA NA 
412.0000 NA NA 0.0191 0.3353 0.0177 0.3865 NA NA 
419.0000 NA NA 0.0191 0.3353 0.0177 0.3865 NA NA 
374.0000 NA NA 0.0191 0.3353 0.0177 0.3865 NA NA 
488.0000 NA NA 0.0191 0.3353 0.0177 0.3865 NA NA 
#DIV{()~ 11.O I\I/0! 0.0191 0.3353 0.0177 0.38o5 #DIV!O! #DIViO! 1.8369 0.0027 36.2047 0.0525 19.7095 
I 
423.0000 NA NA 0.0198 0.3293 0.0165 0.3553 NA NA 
490.0000 NA NA 0.0198 0.3293 0.0165 0.3553 NA NA 
436.0000 NA NA 0.0198 0.3293 0.0185 0.3553 NA NA 
453.0000 NA NA 0.0198 0.3293 0.0185 0.3553 NA NA 
444.0000 NA NA 0.0198 0.3293 0.0185 0.3553 NA NA 
#DIV/0I #DiV/0! 0.0198 0.3293 0.0185 0.3553 #OIViOl #DIV/01 1.9043 0.0024 34.4684 0.0439 18.1006 
345.0000 NA NA 0.0200 0.3553 . 0.0192 0.3790 NA NA 
327.0000 NA NA 0.0200 0.3553 0.0192 0.3790 NA NA 
368.0000 NA NA 0.0200 0.3553 0.0192 0.3790 NA NA 
401.0000 NA NA 0.0200 0.3553 0.0192 0.3790 NA NA 
384.0000 NA NA 0.0200 0.3553 0.0192 0.3790 NA NA 
#DIVIO! #DiV/0! 0.0200 0.3553' 0.0 192 0.3790 #DN/0! #DIV/01 1.9549 0.0025 36.6780 0.0474 18.8647 
472.0000 NA NA 0.0209 0.3703 0.0208 0.4272 NA NA 
445.0000 NA NA 0.0209 0.3703 0.0208 0.4272 NA NA 
454.0000 NA NA 0.0209 0.3703 0.0208 0.4272 NA NA 
455.0000 NA NA 0.0209 0.3703 0.0208 0.4272 NA NA 
459.0000 NA NA 0.0209 0.3703 0.0208 0.4272 NA NA 
ft-DIV/0! #DfViO! 0.0209 0.3703 0.0206 0.4272 #DIViO! #DIV/0! 2.0877 0.0015 38.9663 0.0285 18.6651 
442.0000 NA NA 0.0192 0.3558 0.0175 0.3779 NA NA 
430.0000 NA NA 0.0192 0.3558 0.0175 0.3779 NA NA 
449.0000 NA NA 0.0192 0.3558 0.0175 0.3779 NA NA 
460.0000 NA NA 0.0192 0.3558 0.0175 0.3779 NA NA 
441.0000 NA NA 0.0192 0.3558 0.0175 0.3779 NA NA 
#DIV!O! #DIViO! 0.0192 0.3558 0.0175 0.3779 #DN!O! 1.8567 0.0015 36.4406 0.0298 19.6267 
429.0000 NA NA 0.0196 0.3826 0.0178 0.4306 NA NA 
466.0000 NA NA 0.0196 0.3828 0.0178 0.4306 NA NA 
443.0000 NA NA 0.0196 0.3828 0.0178 0.4306 NA NA 
469.0000 NA NA 0.0196 0.3828 0.0178 0.4306 NA NA 
#DIV!O! #D!V!O! 0.0196 0.3828 0.017$ 0 . .1306 #DlViO! #DIV/0! 1.8954 0.0016 39.9784 0.0339 21.0924 
396.0000 NA ! NA 0.0179 0.3089 0.0175 0.3776 NA NA 
468.0000 NA NA 0.0179 0.3089 0.0175 0.3776 NA NA 
432.0000 NA NA 0.0179 0.3089 0.0175 0.3776 NA NA 
420.0000 NA NA 0.0179 0.3089 0.0175 0.3776 NA NA 
#DIV/0! #DNiO! O.Q179 0.3089 0.0175 0.3776 #DIV/0! #DIV/0! 1.7701 0.0025 34.3120 0.0492 19.3844 
458.0000 NA NA 0.0197 0.3558 0.0187 0.3653 NA NA 
428.0000 NA NA 0.0197 0.3558 0.0187 0.3653 NA NA 
461.0000 NA NA 0.0197 0.3558 0.0187 0.3653 NA NA 
475.0000 NA NA 0.0197 0.3558 0.0187 0.3653 NA NA 
#OIV/0! #DIV!O! 0.0197 0.3558 0.0187 0.3653 #DIV/0! #OIV/0! 1.9266 0.0024 35.9874 0.0441 18.6790 
452.0000 NA NA 0.0197 0.3582 0.0172 0.4053 NA NA 
388.0000 NA NA 0.0197 0.3582 0.0172 0.4053 NA NA 
478.0000 NA NA 0.0197 0.3582 0.0172 0.4053 NA NA 
471.0000 NA NA 0.0197 0.3582 O.Q172 0.4053 NA NA 
#DIV/0! #DIV!O! O.D197 0.3582 0.0172 0.405-3 #DIV/0! #DIV/01 1.8686 0.0021 37.7689 0.0420 20.2123 
405.0000 NA NA 0.0201 0.3821 0.0182 0.4211 NA NA 
393.0000 NA NA 0.0201 0.3821 0.0182 0.4211 NA NA 
415.0000 NA NA 0.0201 0.3821 0.0182 0.4211 NA NA 
351 .0000 NA NA 0.0201 0.3821 0.0182 0.4211 NA NA 
#DIV!O! #DNiO! 0.0201 0.3821 0.0182 0.4211 #DIV/0! #DIV/OJ 1.9487 0.0017 39.4245 0.0335 20.2311 
349.0000 NA NA 0.0201 0.3692 0.0175 0.4040 NA NA 
417.0000 NA NA 0.0201 0.3692 0.0175 0.4040 NA NA 
487.0000 NA NA 0.0201 0.3692 0.0175 0.4040 NA NA 
ff-OIV/0! #OIViO! 0.0201 0.3692 0.0175 0.4040 #D1Vl01 #OIV!OI 1.9126 0.0014 38.2567 0.0288 20.0028 
337.0000 NA NA 0.0193 0.3450 0.0188 0.3982 NA NA 
386.0000 NA NA 0.0193 0.3450 O.o188 0.3982 NA NA 
343.0000 NA NA 0.0193 0.3450 0.0188 0.3982 NA NA 
376.0000 NA NA 0.0193 0.3450 0.0188 0.3982 NA NA 
#DIV/0! #DNIO! 0.0193 0.3450 0.0168 0.3982 #D!V/01 #DIViO! 1.9108 0.0013 36.1855 0.0241 18.9369 
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Litterbag Mass: 
Dead Fine Root Litterbags for Maples, Wheat, Corn: 
Stuffed on 03 June 1999: Mesh size 160 micrometer poly-ethylene 
Maples inserted on 10 June 1999: Size classes; Fine 0.1 to 1.0 mm, Coarse 1.1 to 2.0 mm 
I FromSheet I 
i M.airoven 
i Initial Initial Initial Initial 
Days Fine Root Coarse Root Total Root Fine Root 
Litterbag Litterbag Incubated N Group Litterbag Air Dry Mass Air Dry Mass Air Dry Mass 65DryMass 
Bag# Inserted Sorted in Field Soil Removed Soecies (a\ (g) (g) (a\ 
41 11/05/1999 12/02/1999 0 1.1 11/05/1999 Corn 0.528 0.56 1.088 0.505 
48 11 /05/1999 12/03/1999 0 1.1 11/05/1999 Corn 0.537 0.558 1.095 0.513 
49 11/05/1999 12/03/1999 0 2 11/05/1999 Corn 0.542 0.539 1.081 0.518 
52 11/05/1999 12/03/1999 0 1.2 11/05/1999 Corn 0.532 0.55 1.082 0.508 
60 11/05/1999 12/03/1999 0 2 11/05/1999 Com 0.55 0.575 1.125 0.526 
42 11/05/1999 06/08/2000 215 1.1 06/07/2000 Corn 0.554 0.519 1.073 0.529 
46 11/05/1999 06/08/2000 215 1.2 06/07/2000 Corn 0.532 0.542 1.074 0.508 
47 11/05/1999 06/08/2000 215 2 06/07/2000 Corn 0.511 0.543 1.054 0.488 
50 11 /05/1999 06/08/2000 215 1.2 06/07/2000 Carn 0.526 0.545 1.071 0.503 
54 11/05/1999 06/08/2000 215 2 06/07/2000 Corn 0.56 0.568 1.128 0.535 
44 11/05/1999 08/25/2000 285 2.2 08/16/2000 Corn 0.529 0.546 1.075 0.506 
45 11/05/1999 08/25/2000 285 1 08/16/2000 Corn 0.546 0.526 1.072 0.522 
51 11/05/1999 08/25/2000 285 1 08/16/2000 Corn 0.528 0.531 1.059 0.505 
56 11/05/1999 08/25/2000 285 2.1 08/16/2000 Corn 0.53 0.55 1.080 0.506 
57 11/05/1999 08/25/2000 285 2.1 08/16/2000 Corn 0.562 0.54 1.102 0.537 
43 11 /05/1999 11/10/2000 367 2 11/06/2000 Corn 0.531 0.53 1.061 0.507 
53 11/05/1999 11/10/2000 367 1.1 11/06/2000 Corn 0.516 0.521 1.037 0.493 
55 11/05/1999 11/15/2000 367 2 11/06/2000 Corn 0.528 0.537 1.065 0.505 
58 11/05/1999 11/15/2000 367 2 11/06/2000 Corn 0.535 0.537 1.072 0.511 
59 11/05/1999 11/10/2000 367 1.2 11/06/2000 Corn 0.538 0.528 1.066 0.514 
7 06/10/1999 06/11/1999 0 3 06/10/1999 Maple 0.511 0.522 1.033 0.481 
8 06/10/1999 06/11/1999 0 2 06/10/1999 Maple 0.515 0.52 1.035 0.485 
11 06/10/1999 06/11/1999 0 3 06/10/1999 Maple 0.517 0.525 1.042 0.487 
16 06/10/1999 06/11/1999 0 1 06/10/1999 Maple 0.518 0.525 1.043 0.488 
18 06/10/1999 06/11 /1999 0 2 06/10/1999 Maple 0.513 0.524 1.037 0.483 
6 06/10/1999 12/01/1999 148 1.2 11/05/1999 Maple 0.516 0.525 1.041 0.486 
15 06/10/1999 12/01/1999 148 2 11/05/1999 Maple 0.514 0.527 1.041 0.484 
17 06/10/1999 12/01/1999 148 1.2 11/05/1999 Maple 0.515 0.527 1.042 0.485 
19 06/10/1999 12/01/1999 148 1.1 11/05/1999 Maple 0.519 0.524 1.043 0.489 
20 06/10/1999 12/01/1999 148 2 11/05/1999 Maple 0.51 0.517 1.027 0.480 
1 06/10/1999 03/16/2000 279 1.2 03/15/2000 Maple 0.519 0.516 1.035 0.489 
4 06/10/1999 03/16/2000 279 1.1 03/15/2000 Maple 0.521 0.527 1.048 0.491 
5 06/10/1999 03/16/2000 279 2 03/15/2000 Maple 0.515 0.522 1.037 0.485 
10 06/10/1999 03/16/2000 279 2 03/15/2000 Maple 0.514 0.523 1.037 0.484 
13 06/10/1999 03/16/2000 279 1.1 03/15/2000 Maple 0.517 0.519 1.036 0.487 
2 06/10/1999 06/09/2000 363 1 06/07/2000 Maple 0.518 0.527 1.045 0.488 
3 06/10/1999 06/09/2000 363 1 06/07/2000 Maple 0.516 0.531 1.047 0.486 
9 06/10/1999 06/09/2000 363 2.2 06/07/2000 Maple 0.512 0.53 1.042 0.482 
12 06/10/1999 06/09/2000 363 1 06/07/2000 Maple 0.515 0.523 1,038 0.485 
14 06/10/1999 06/09/2000 363 2.1 06/07/2000 Maple 0.519 0.513 1.032 0.489 
27 08/16/1999 08/19/1999 0 1.1 08/16/1999 Wheat 0.532 0 0.532 0.493 
28 08/16/1999 08/19/1999 0 2 ' 08/16/1999 Wheat 0.506 0 0.506 0.469 
36 08/16/1999 08/19/1999 0 2 08/16/1999 Wheat 0.536 0 0.536 0.497 
38 08/16/1999 08/19/1999 0 2 08/16/1999 Wheat 0.528 0 0.528 0.489 
39 08/16/1999 08/19/1999 0 1.2 08/16/1999 Wheat 0.517 0 0.517 0.479 
24 08/16/1999 03/16/2000 212 2 03/15/2000 Wheat 0.518 0 0.51 8 0.480 
26 08/16/1999 03/16/2000 212 1.2 03/15/2000 Wheat 0.513 0 0.513 0.475 
29 08/16/1999 03/16/2000 212 1.1 03/15/2000 Wheat 0.532 0 0.532 0.493 
30 08/16/1999 03/16/2000 212 1.1 03/15/2000 Wheat 0.525 0 0.525 0.487 
37 08/16/1999 03/16/2000 212 2 03/15/2000 Wheat 0.516 0 0.516 0.478 
31 08/16/1999 06/08/2000 296 1 06/07/2000 Wheat 0.515 0 0.515 0.477 
33 08/16/1999 06/08/2000 296 2.1 06/07/2000 Wheat 0.518 0 0.518 0.480 
34 08/16/1999 06/08/2000 296 2.1 06/07/2000 Wheat 0.511 0 0.511 0.474 
35 08/16/1999 06/08/2000 296 2.2 06/07/2000 Wheat 0.524 0 0.524 0.486 
40 08/16/1999 06/08/2000 296 1 06/07/2000 Wheat 0.528 0 0.528 0.489 
21 08/16/1999 08/17/2000 366 2 08/16/2000 Wheat 0.52 0 0.520 0.482 
22 08/16/1999 08/17/2000 366 1.2 08/16/2000 Wheat 0.512 0 0.512 0.475 
23 08/16/1999 08/17/2000 366 1.2 08/16/2000 Wheat 0.513 0 0.513 0.475 
25 08/16/1999 08/17/2000 366 2 08/16/2000 Wheat 0.511 0 0.511 0.474 
32 08/16/1999 08/17/2000 366 1.1 08/16/2000 Wheat 0.525 0 0.525 0.487 
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65 Cwt 65Cwt 65 Cwt 
FromSheet FromSheet FromSheet 
M.airoven airoven airoven (frag + Fine) 
Initial Initial Initial Initial Initial Final Final Final Final 
Coarse Root Total Root Fine Root Coarse Root Total Root Fragment Root Fine Root "Fine" Root Coarse Root 
65DryMass 65DryMass AFDryMass AFDryMass AFDryMass 65 dry mass 65 Dry Mass 65 Dry Mass 65 Dry Mass 
Bao# (q) (q) (g) (g) (!I) (q) (q) (q) (q) 
' ' 41.000 0.539 1.044 0.456 0.509 0.965 0.000 0.510 0.510 0.503 
48.000 0 .537 1.050 0.464 0.507 0.971 0.000 0.462 0.462 0.550 
49.000 0.519 1.037 0.468 0.490 0.958 0.000 0.407 0.407 0.610 
52.000 0.529 1.038 0.460 0.500 0.959 0.000 0.477 0.477 0.531 
60.000 0.554 1.079 0.475 0.522 0.998 0.000 0.477 0.477 0.547 
42.000 0.500 1.029 0.479 0.472 0 .950 0.008 0.347 0.355 0.453 
46.000 0.522 1.030 0.460 0.492 0.952 0.011 0.414 0.425 0.404 
47.000 0 .523 1.011 0.441 0.493 0.935 0.005 0.380 0.385 0.436 
50.000 0.525 1.027 0.454 0.495 0.950 0.012 0.368 0.380 0.438 
54.000 0.547 1.082 0.484 0.516 1.000 0.009 , 0.373 0.382 0.449 
44.000 0.526 1.031 0.457 0.496 0.953 0.016 0.269 0.285 0.430 
45.000 0.506 1.028 0.472 0.478 0.950 0.087 0.188 0.275 0.309 
51.000 0.511 1.016 0.456 0.482 0.939 0.075 0.183 0.258 0.257 
56.000 0.529 1.036 0.458 0.500 0.958 0.051 0.282 0.333 0.360 
57.000 0.520 1.057 0.485 0.491 0.976 0.060 0.204 0.264 0.356 
43.000 0.510 1.018 0.459 0.482 0.940 0.006 0.283 0.289 0.394 
53.000 0.502 0.995 0.446 0.473 0.919 0.030 0.178 0.208 0.189 
55.000 0.517 1.022 0.456 0.488 0 .944 0.013 0 .146 0.159 0.199 
58.000 0.517 1.028 0.462 0.488 0.950 0.014 0.064 0.078 0.039 
59.000 0.508 1.022 0.465 0.480 0.945 0.008 0.272 0.280 0.373 
7.000 0.492 0.974 0.414 0.446 0.860 0.000 0.462 0.462 0.48 
8.000 0.490 0.975 0.417 0.445 0.861 0.000 0.459 0.459 0.477 
11 .000 0.495 0.982 0.418 0.449 0.867 0.000 0.458 0 .458 0.483 
16.000 , 0.495 0.983 0.419 0.449 0.868 0.000 0.461 0.461 0.482 
18.000 0.494 0.977 0.415 0.448 0.863 0.000 0.455 0.455 0.478 
6.000 0.495 0.981 0.418 0.449 0.867 0.015 0.380 0.395 0.387 
15.000 0.497 0.981 0.416 0.451 0.867 0.013 0.374 0.387 0.393 
17.000 0.497 0.982 0.417 0.451 0.867 0.010 0.407 0.417 0.399 
19.000 0.494 0.983 0.420 0.448 0.868 0.007 0.396 0.403 0.391 
20 .000 0.488 0.968 0.413 0.442 0.855 0.008 0.403 0.411 0.39 
1.000 0.487 0.975 0.420 0.441 0.861 0.010 0.405 0.415 0.392 
4.000 0.497 0.988 0.422 0 .451 0.872 0.012 0.421 0.433 0.41 
5.000 0.492 0.977 0.417 0.446 0.863 0.011 0.427 0.438 0.401 
10.000 0.493 0.977 0.416 0.447 0.863 0.015 0.416 0.431 0.377 
13.000 0.489 0.976 0.418 0.444 0.862 0.008 0.404 0.412 0.395 
2.000 0.497 0.985 0.419 0.451 0.870 0.011 0.393 0.404 0.393 
3.000 0.501 0.987 0.418 0.454 0.872 0.015 0.395 0.410 0.405 
9.000 0.500 0.982 0.414 0.453 0.868 0.015 0.373 0.388 0.398 
12.000 0.493 0 .978 0.417 0 .447 0.864 0 .010 0.396 0.406 0.395 
14.000 0.484 0.973 0.420 0.439 0.859 0.023 0.386 0.409 0.38 
27.000 0 0.493 0.404 0 0.404 0.000 0.461 0.461 0 
28.000 \ 0 , 0.469 0.384 0 0.384 0.000 0 .448 0.448 0 
36.000 i 0 0.497 0 .407 0 0.407 0.000 0.492 0.492 0 
38.000 0 0.489 0.401 0 0 .401 0.000 0.472 0.472 0 
39.000 0 0.479 0.392 0 0.392 0.000 0.446 0.446 0 
24.000 0 0.480 0.393 0 0.393 0.004 0.350 0.354 0 
26.000 0 0.475 0.389 0 0.389 0.011 0.264 0.275 0 
29.000 0 0.493 0.404 0 0.404 0.004 0.353 0.357 0 
30.000 0 0.487 0.398 0 0.398 0.019 0.223 0.242 0 
37.000 0 0.478 0.391 0 0.391 0.009 0.342 0.351 0 
31.000 0 0.477 0.391 0 0.391 0.043 0.119 0.162 0 
33.000 0 0.480 0.393 0 0 .393 0.086 0.091 0.177 0 
34.000 0 0.474 0.388 0 0.388 0.012 0.294 0.306 0 
35.000 0 0.486 0.398 0 0.398 0.033 0.170 0.203 0 
40.000 0 0.489 0.401 0 0.401 0.058 0.122 0.18 0 
21 .000 0 0.482 0.395 0 0.395 0.012 0.054 0.066 0 
22.000 0 0.475 0 .388 0 0.388 0.011 0.115 0.126 0 
23.000 0 0.475 0.389 0 0.389 0.013 0.278 0.291 0 
25.000 , 0 0.474 0.388 0 0.388 0 .095 0.006 0.101 0 
32.000 1 0 0.487 0.398 0 0.398 0.026 0.161 0.187 0 
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65 Cwt 65 Cwt 65 Cwt 65 Cwt 65 Cwt 
FromSheet FromSheet FromSheet FromSheet Fine Root Coarse Root Total Root 
airoven airoven airoven airoven % Weight % Weight % Weight 
Final Final Final Final Final Final Remaining Remaining Remaining 
Total Root Frag root fine root "Fine" Root Coarse Rool Total Root lrnased from (Based from !(Based from 
65 Drv Mass AFDrvMass AFDryMass AFDryMass AFDryMass AFDryMass AFDW) AFDW) AFDW) 
BaA # (Al (g) (g) (g) (g) /al 
41 .000 1.013 0 0.46102795 0.461 0.475 0.936 101.1 93.3 97.0 
48.000 1.012 0 0.41763709 0,418 I 0.519 0.937 90.0 102.4 96.5 
49.000 1.017 0 0.36791839 0.368 ' 0.576 0.944 78.6 117.6 98.5 
52.000 1.008 0 0.43119673 0.431 0.501 0.932 93.8 100.3 97.2 
60.000 1.024 0 0.43119673 0.431 0.516 0.948 90.8 98.8 95.0 
42.000 0.808 0 .00723181 0.3136798 0.321 0.428 0.749 67.1 90.7 78.8 
46.000 1 0.829 0.00994374 0.37424622 0.384 0.381 0.766 83.6 77.4 80.4 
47.000 0.821 0.00451988 0.34351102 0.348 0.412 0.760 78.8 83.4 81 .3 
50.000 0.818 0.01084772 0.33266331 0.344 0.413 0.757 75.6 83.5 79.7 
54.000 0.831 0.00813579 0.33718319 0.345 0.424 0.769 71 .4 82.1 76.9 
44.000 0.715 0.01446362 0.24316965 0.258 0.406 0.664 56.4 81 .8 69.6 
45.000 0.584 0.07864595 0.16994756 0.249 0.292 0 .540 52.7 61 .0 56.9 
51 .000 0.515 0.06779823 0.16542768 0.233 0.243 0.476 51 .1 50,3 50.7 
56.000 0.693 0.0461028 0.25492134 0.301 0.340 0.641 65.7 68.0 66.9 
57.000 0.620 0.05423858 0.18441118 0.239 0.336 0.575 49.2 68.5 58.9 
43.000 0.683 0.00542386 0.25582532 0.261 0.372 0.633 57.0 77.2 67.3 
53.000 0.397 0.02711929 0.1609078 0.188 0.178 0.366 42.2 37.7 39.9 
55.000 0.358 0.01175169 0.13198055 0.144 0.188 0.332 31.5 38.5 35.1 
58.000 0.117 0 .01265567 0.05785449 0.071 0.037 0.107 15.3 7.5 11.3 
59.000 0.653 0,00723181 0.24588158 0.253 0.352 0.605 54.5 73.4 64.1 
7.000 0.942 0 0.41763709 0.397 0.435 0.832 96.0 97.5 96.8 
8,000 0.936 0 0.41492516 0.394 0.433 0.827 94.6 97.3 96.0 
11 .000 0.941 0 0.41402118 0.394 0 .438 0.831 94.0 97.6 95.9 
16.000 0.943 0 0.41673311 0.396 0 .437 0.833 94.5 97.4 96.0 
18.000 0.933 0 0.41130925 0.391 0.433 0.824 94.2 96.7 95.5 
6.000 0.782 0.01355965 0.34351102 0.339 0.351 0.690 81.3 78.2 79.7 
15.000 0.78 0.01175169 0.33808717 0.333 0.356 0.689 79.9 79.1 79.5 
17.000 0.816 0,00903976 0.36791839 0.358 0.362 0.720 86.0 80.3 83.0 
19.000 0.794 0.00632783 0.35797465 0.346 0.355 0 .701 82.4 79.1 80.7 
20.000 0.801 0.00723181 0.36430248 0 .353 0.354 0.707 85.5 80.0 82.7 
1.000 0.807 0.00903976 0.36611043 0.357 0.355 0.712 84.9 80.6 82.7 
4.000 0.843 0.01084772 0.38057406 0.372 0.372 0.744 88.2 82.5 85.3 
5,000 0.839 0.00994374 0.38599791 0.376 0.364 0.740 90.3 81 .5 85.7 
10.000 0.808 0.01355965 0.37605417 0.370 0.342 0.712 89.0 76.4 82.5 
13.000 0.807 0.00723181 0.36520646 0.354 0.358 0.712 84.6 80.7 82.6 
2.000 0.797 0.00994374 0.35526272 0.347 0.356 0.703 82.8 79.1 80.9 
3.000 0 .815 0.01355965 0.35707067 0.352 0.367 0.720 84.3 80.9 82.5 
9.000 0.786 0.01355965 0.33718319 0.333 0.361 0.694 80.4 79.6 80.0 
12.000 0.801 0.00903976 0.35797465 0.349 0.358 0.707 83.7 80.1 81 .8 
14.000 0.789 0.02079146 0.34893488 0.351 0.345 0.696 83.7 78.6 81 .1 
27.000 0.461 0 0.41673311 0.377 0.000 0.377 93.5 #DIV/0! 93.5 
28.000 0.448 0 0.40498142 0.367 0.000 0.367 95.5 #DIV/0! 95.5 
36.000 0.492 0 0.44475638 0.403 0.000 0.403 99.0 #DIV/0! 99.0 
38.000 0.472 ! 0 0.42667685 0.386 0.000 0.386 96.4 #DIV/0! 96.4 
39.000 0.446 0 0.40317347 0.365 0.000 0.365 93.1 #DIV/0! 93.1 
24.000 0.354 0.00361591 0.31639173 0.290 0 0.290 73.7 #DIV/0! 73.7 
26.000 0.275 0.00994374 0.23864976 0.225 0 0.225 57.8 #DIV/0! 57.8 
29.000 0.357 0.00361591 0.31910366 0.292 0 0.292 72.4 #DIV/0! 72.4 
30.000 0.242 0.01717555 0.20158673 0.198 0 0.198 49.7 #DIV/0! 49.7 
37.000 0.351 0.00813579 0.30915992 0.287 0 0.287 73.4 #DIV/OJ 73.4 
31 .000 0.162 0.03887098 0.10757319 0.133 0.000 0.133 33.9 #DIV/0! 33.9 
33,000 0 .177 0.07774197 0.08226185 0.145 0.000 0.145 36.9 #DIV/0! 36.9 
34.000 0.306 0.01084772 0.26576906 0.250 0.000 0.250 64.6 #DIV/0! 64.6 
35.000 0.203 0.02983122 0.15367598 0.166 0.000 0.166 41 .8 #DIV/0! 41 .8 
40.000 0.180 0.05243063 0.11028512 0.147 0.000 0.147 36.8 #DIV/0! 36.8 
21.000 0.066 0.01084772 0.04881472 0.054 0 .000 0.054 13.7 #DIV/0! 13.7 
22.000 0.126 0.00994374 0.10395728 0.103 0.000 0.103 26.6 #DIV/0! 26.6 
23.000 0.291 0.01175169 0.25130543 0.238 0.000 0.238 61 .2 #DIV/0! 61 .2 
25.000 0.101 0.08587776 0.00542386 0.083 0.000 0.083 21.3 #DIV/0! 21 .3 
32.000 0.187 0.02350339 0.1455402 0.153 0.000 0.153 38.4 #DIV/0! 38.4 
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Dead Fine Root Litterbags for Maples, Wheat, Com: 
Stuffed on 03 June 1999: Mesh size 160 micrometer poly-ethylene 
Maples inserted on 10 June 1999: Size classes; Fine 0.1 to 1.0 mm, Coarse 1.1 to 2.0 mm 
Lltterbag Nltrgoen and Carbon Data: 
All Formulas are ccrrect and values are based on 65 C. 
65Cwt 
FromSheet FromSheet FromSheet 
M.airoven M.airoven airoven 
Initial Initial Initial Initial Initial Initial lnltlal 
Days Fine Root Coarse Root Total Root Fine Root Coarse Root Total Root Fine Root 
Incubated N Group N/C Sample Litterbag Air Dry Mass Air Orv Mass Air Dry Mass 65DryMass 65DrvMass 65DryMass AFDryMass 
BaQ # in Field Soil # Removed Soecies (a) /al (al /a) /al (g) Col 
I 
41 o 11/05/1999 Com 0.5280 0.5600 1.0880 0.5046 0.5391 1.0436 0.4561 
48 o 11/05/1999 Com 0.5370 0.5580 1.0950 0.5132 0.5371 1.0503 0.4639 
52 o 11/05/1999 Com 0.5320 0.5500 1.0820 0.5084 0.5294 1.0378 0.4596 
o 1.1 131 ,133 0.53231 0.5560 1.0883 0.5087 0.5352 1.0439 0.4599 
o 1.2 388,390 0.53381 0.5547 1.0884 0.5101 0.5339 1.0440 0.4611 
49 o 11/05/1999 Com 0.5420 0.5390 1.0810 0.5180 0.5189 1.0368 0.4682 
60 o 11/05/1999 Com 0.5500 0.5750 1.1250 0.5256 0.5535 1.0791 0.4751 
o 2 132,134 0.5460 0.5570 1.1030 0.5218 0.5362 1.0580 0.4717 
42 215 06/07/2000 Com 0.5540 0.5190 1.0730 0.5294 0.4996 1.0290 0.4786 
46 215 06/07/2000 Com 0.5320 0.5420 1.0740 0.5084 0.5217 1.0301 0.4596 
50 215 06/07/2000 Com 0.5260 0.5450 1.0710 0.5027 0.5246 1.0273 0.4544 
215 1.1 290,292,294 0.5373 0.5353 1.0727 0.5135 0.5153 1.0288 0.4642 
215 1.2 397,398,412 0.5373 0.5353 1.0727 05135 0.5153 1.0288 0.4642 
47 215 2 06/07/2000 Com 0.5110 0.5430 1.0540 0.4883 0.5227 1.0110 0.4414 
54 215 2 06/07/2000 Com 0.5600 0.5680 1.1280 0.5352 0.5468 1.0819 0.4838 
215 2 291,293,295 0.5355 0.5555 1.0910 0.5117 0.5347 1.0465 0.4626 
I 
45 285 1/1.1) 345,347,349 08/16/2000 Com 0.5460 0.5260 1.0720 0.5218 0.5063 1.0281 0.4717 
51 285 08/16/2000 Com 0.5280 0.5310 1.0590 0.5046 0.5112 1.0157 0.4561 
285 1/1.1 345,347,349 0.5370 0.5285 1.0655 0.5132 0.5087 1.0219 0.4639 
285 1(1.2) 345,400,401 0.5370 0.5285 1.0655 0.5132 0.5087 1.0219 0.4639 
56 285 08/16/2000 Com 0.5300 0.5500 1.0800 0.5065 0.5294 1.0359 0.4579 
57 285 08/16/2000 Com 0.5620 0.5400 1.1020 0.5371 0.5198 1.0569 0.4855 
44! 285 08/16/2000 Com 0.5290 0.5460 1.0750 0.5055 0.5256 1.0311 0.4570 
: 285 2(2.1) 348,350,346 0.5403 0.5453 1.0857 0.5164 0.5250 1.0413 0.4668 
285 2(2.2) 348,350,414 0.5403 0.5453 1.0857 0.5164 0.5250 1.0413 0.4668 
53 367 1(1.1) 378,380,382 11/06/2000 Com 0.5160 0.5210 1.0370 0.4931 0.5015 0.9946 0.4458 
59 367 1.2(2.1) 379,383,402 11/06/2000 Com 0.5380 0.5280 1.0660 0.5141 0.5083 1.0224 0.4648 
367 1.1 378,380,382 0.5270 0.5245 1.0515 05036 0.5049 1.0085 0.4553 
367 1.2 379.402,382 0.5270 0.5245 1.0515 0.5036 0.5049 1.0085 0.4553 
43 367 2(1.3,2.2) 381,403,415 11/06/2000 Com 0.5310 0.5300 1.0610 0.5074 0.5102 1.0176 0.4587 
55 367 2(1.3,2.2) 381,403,415 11/06/2000 Com 0.5280 0.5370 1.0650 0.5046 0.5169 1.0215 0.4561 
58 367 2(1.3,2.2) 381,403,415 11/06/2000 Com 0.5350 0.5370 1.0720 0.5113 0.5169 1.0282 0.4622 
367 2.1,2,1 .3 415,381,383 0.5313 0.5347 1.0660 0.5078 0.5147 1.0224 0.4590 
367 2.2,2,1.3 415,381,402 0.5313 0.5347 1.0660 0.5078 0.5147 1.0224 0.4590 
16 o 06/10/1999 Maple 0.5180 0.5250 1.0430 0.4880 0.4951 0.9830 0.4192 
8 o 06/10/1999 I Maple 0.5150 0.5200 1.0350 0.4851 0.4903 0.9755 0.4168 
18 o 06/10/1999 Maple 0.5130 0.5240 1.0370 0.4833 0.4941 0.9774 0.4152 
7 o 06/10/1999 Macie 0.5110 0.5220 1.0330 0.4814 0.4922 0.9736 0.4136 
11 o 06/10/1999 Maple 0.5170 0.5250 1.0420 0.4870 0.4951 0.9821 0.4184 
o 1.1 40,42 0.5148 0.5232 1.0380 0.4849 0.4934 0.9783 0.4167 
o 2 41,43 0.5148 0.5232 1.0380 0.4849 0.4934 0.9783 0.4167 
o 3 385,386 0.5148 0.5232 1.0380 0.4849 0.4934 0.9783 0.4167 
19 148 11/05/1999 Maple 0.5190 0.5240 1.0430 0.4889 0.4941 0.9830 0.4201 
6 148 11/05/1999 Macie 0.5160 0.5250 1.0410 0.4861 0.4951 0.9811 0.4176 
<7 148 11/05/1999 Maple 0.5150 0.5270 1.0420 0.4851 0.4969 0.9821 0.4168 
148 1(1.1) 101,102.104 0.5167 0.5253 1.0420 0.4867 0.4954 0.9821 0.4182 
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15 148 11/05/1999 Maole 0.5140 0.5270 1.0410 0.4842 0.4969 0.9811 0.4160 
20 148 11/05/1999 Maole 0.5100 0.5170 1.0270 0.4804 0.4875 0.9679 0.4128 
148 2.1(1 .2) 103,105,405 0.5120 0.5220 1.0340 0.4823 0.4922 0.9745 0.4144 
148 2.2(1 .3) 387.389,406 0.5120 0.5220 1.0340 0.4823 0.4922 0.9745 0.4144 
4 279 03/15/2000 Maple 0.5210 0.5270 1.0480 0.4908 0.4969 0.9877 0.4217 
13 279 03/15/2000 Maple 0.5170 0.5190 1.0360 0.4870 0.4894 0.9764 0.4184 
1 279 03/15/2000 Maple 0.5190 0.5160 1.0350 0.4889 0.4866 0.9755 0.4201 
279 1 1 163,164,166 0.5190 0.5207 1.0397 0.4889 0.4910 0.9799 0.4201 
279 I.L 162,391,392 0.5190 0.5207 1.0397 0.4889 0.4910 0.9799 0.4201 
5 279 03/15/2000 Maple 0.5150 0.5220 1.0370 0.4851 0.4922 0.9774 0.4168 
10 279 03/15/2000 Maple 0.5140 0.5230 1.0370 0.4842 0.4932 0.9774 0.4160 
279 2(13) 165.167,407 0.5145 0.5225 1.0370 0.4847 0.4927 0.9774 0.4164 
2 363 06/07/2000 Maple 0.5180 0.5270 1.0450 0.4880 0.4969 0.9849 0.4192 
3 363 06/07/2000 Maple 0.5160 0.5310 1.0470 0.4861 0.5007 0.9868 0.4176 
12 363 06/07/2000 Maple 0.5150 0.5230 1.0380 0.4851 0.4932 0.9783 0.4168 
363 1 235,237,239 0.5163 0.5270 1.0433 0.4864 0.4969 0.9833 0.4179 
14 363 06/07/2000 Maple 0.5190 0.5130 1 1.0320 0.4889 0.4837 0.9726 0.4201 
g 363 06/07/2000 Maple 0.5120 0.5300 1.0420 0.4823 0.4998 0.9821 0.4144 
363 2.1 236,238,240 0.5155 0.52 15 1.0370 0.4856 0.4916 0.9774 0.4172 
363 2.2 410,394,395 0.5138 0.5258 1.0395 0.4840 0.4958 0.9797 0.4158 
27 0 08/16/1999 Wheat 0.5320 0.0000 i 0.5320 0.4931 0.0000 0.4931 0.4036 
39 0 08/16/1999 Wheat 0.5170 0.0000 0.5170 0.4792 0.0000 0.4792 0.3922 
0 1. 1 68 0.5245 0.0000 0.5245 0.4861 0.0000 0.4861 0.3979 
0 1.2 384 0.5245 0.0000 0.5245 0.4861 0.0000 0.4861 0.3979 
28 0 08/16/1999 Wheat 0.5060 0.0000 0.5060 0.4690 0.0000 0.4690 0.3839 
36 0 08/16/1999 Wheat 0.5360 0.0000 0.5360 0.4968 0.0000 0.4968 0.4067 
38 0 08/16/1999 Wheat 0.5280 0.0000 0.5280 0.4894 0.0000 0.4894 0.4006 
0 2 69 0.5233 0.0000 0.5233 0.4851 0.0000 0.4851 0.3970 
29 212 03/15/2000 Wheat 0.5320 0.0000 0.5320 0.4931 0.0000 0.4931 0.4036 
30 212 03/15/2000 Wheat 0.5250 0.0000 0.5250 0.4866 0.0000 0.4866 0.3983 
26 212 03/15/2000 Wheat 0.5130 0.0000 0.5130 0.4755 0.0000 0.4755 0.3892 
212 1.1 186,188 0.5233 0.0000 0.5233 0.4851 0.0000 0.4851 0.3970 
212 1.2 393,408 0.5233 0.0000 0.5233 0.4851 0.0000 0.4851 0.3970 
24 212 ' 03/15/2000 Wheat 0.5180 0.0000 0.5180 0.4801 0.0000 0.4801 0.3930 
37 212 03/15/2000 Wheat 0.5160 0.0000 0.5160 0.4783 0.0000 0.4783 0.3915 
212 2(1.3) 189,409 0.5170 0.0000 0.5170 0.4792 0.0000 0.4792 0.3922 
31 212 06/07/2000 Wheat 0.5150 0.0000 0.5150 0.4773 0.0000 0.4773 0.3907 
40 212 06/07/2000 Wheat 0.5280 0.0000 0.5280 0.4894 0.0000 0.4894 0.4006 
296 1(1 .1) 259,261 0.5215 0.0000 0.5215 0.4834 0.0000 0.4834 0.3907 
296 1(1.2) 259,396 0.5215 0.0000 0.5215 0.4834 0.0000 0.4834 0.3957 
33 296 06/07/2000 Wheat 0.51801 0.0000 0.5180 0.4801 0.0000 0.4801 0.3930 
34 296 06/07/2000 Wheat 0.5110' 0.0000 0.5110 0.4736 0.0000 0.4736 0.3877 
35 296 06/07/2000 Wheat 0.5240 0.0000 0.5240 0.4857 0.0000 0.4857 0.3976 
296 2(2. 1) 260,411 0.5177 0.0000 0.5177 0.4798 0.0000 0.4798 0.3927 
296 2(2.2) 262,411 0.5177 0. 0000 o .. 5177 0.4798 0.0000 0.4798 0.3927 
3? 366 08/16/2000 Wheat 0.5250 0.0000 0.5250 0.4866 0.0000 0.4866 0.3983 
22 366 08/16/2000 Wheat 0.5120 0.0000 0.5120 0.4746 0.0000 0.4746 0.3884 
23 366 08/16/2000 Wheat 0.5130 0.0000 0.5130 0.4755 0.0000 0.4755 0.3892 
366 1.2 399,413 0.5167 0.0000 0.5167 0.4789 0.0000 0.4789 0.3920 
366 1.2 399,413 0.5167 0.0000 0.5167 0.4789 0.0000 0.4789 0.3920 
21 366 08/16/2000 Wheat 0.5200 0.0000 0.5200 0.4820 0.0000 0.4820 0.3945 
25 366 08/16/2000 Wheat 0.5110 0.0000 0.5110 0.4736 0.0000 0.4736 0.3877 
366 2 315,317 0.5155 0.0000 0.5155 0.4778 0.0000 0.4778 0.3911 
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Dead Fine Root Litterbags for Maples, Wheat, Com: 
Stuffed on 03 June 1999: Mesh size 160 micrometer poly-ethylene 
Maples inserted on 10 June 1999: Size classes; Fine 0.1 to 1.0 mm, Coarse 1.1 to 2.0 mm 
65Cwt 65Cwt 65 Cwt 65Cwt 65Cwt 65Cwt 65Cwt 
FromSheet FromSheet FromSheet FromSheet FromSheet 
airoven (frag + Fine) airoven airoven alroven alroven 
Initial Initial Final Final Final Final Final Final Final Final Final Final 
Coarse Root Total Root Fragment Root Fine Root "Fine" Root Coarse Root Total Root Frag root fine root "Fine" Root Coarse Rao Total Root 
AFDryMass AFDryMass 65 dry mass 65 Drv Mass 65 Dry Mass 65 Dry Mass 65 Dry Mass AFDryMass AFDryMass AFDryMass AFDryMass AFDrvMass 
Bag# fg) [!I) (g) (o) (a) /al la) (Q) (<1) {!I) (!I) {!I) 
41.0000 0.5089 0.9650 0,0000 0.5100 0.5100 0.5030 1.0130 0.0000 0.4610 0.4610 0.4748 0.9358 
48.0000 0.5070 0.9709 0,0000 0.4620 0.4620 0.5500 1.0120 0.0000 0.4176 0.4176 0.5192 0.9368 
52,0000 0.4998 0.9593 0.0000 0.4770 0.4770 0.5310 1.0080 0,0000 0.4312 0.4312 0.5012 0.9324 
0.5052 0.9651 0.0000 0.4830 0.4830 0.5280 1.0110 0.0000 0.4366 0.4366 0.4984 0.9350 
0.5040 0,9651 0.0000 0.4740 0.4740 0.5363 1.0103 0.0000 0.4285 0.4285 0.5063 0.9348 
49.0000 0.4898 0.9580 0.0000 0.4070 0.4070 0.6100 1.0170 0,0000 0.3679 0.3679 0.5758 0,9437 
60,0000 0.5225 0.9976 0.0000 0.4770 0.4770 0.5470 1.0240 0.0000 0.4312 0.4312 0.5163 0.9475 
0.5061 0.9778 0.0000 0.4420 0.4420 0.5785 1.0205 0.0000 0.3996 0.3996 0.5461 0.9456 
42.0000 0.4716 0,9502 0.0080 0.3470 0.3550 0.4530 0.8080 0.0072 0.3137 0.3209 0.4276 0.7485 
46.0000 0.4925 0.9521 0.0110 0.4140 0.4250 0.4040 0.8290 0,0099 0.3742 0.3842 0.3814 0,7655 
50,0000 0.4952 0.9496 0.0120 0,3680 0.3800 0.4380 0.8180 0.0108 0.3327 0,3435 0.4134 0.7570 
0.4864 0.9506 0.0103 0.3763 0.3867 0.4317 0.8183 0.0093 0.3402 0.3495 0.4075 0.7570 
0.4864 0.9506 0.0103 0.3763 0.3867 0.4317 0.8183 0.0093 0,3402 0.3495 0.4075 0.7570 
47.0000 0.4934 0,9348 0.0050 0.3800 0.3850 0.4360 0.8210 0,0045 0.3435 0.3480 0.4116 0.7596 
54.0000 0.5161 0.9999 0.0090 0.3730 0.3820 0.4490 0.8310 0.0081 0.3372 0.3453 0.4238 0.7691 
0.5048 0.9674 0.0070 0.3765 0.3835 0.4425 0.8260 0.0063 0.3403 0.3467 0.4177 O.r644 
45.0000 0.4780 0.9496 0.0870 0.1880 0.2750 0.3090 0.5840 0.0786 0.1699 0.2486 0.2917 0.5403 
51.0000 0.4825 0.9386 0.0750 0.1830 0.2580 0.2570 0.5150 0,0678 0.1654 0.2332 0.2426 0.4758 
0.4802 0.9441 0.0810 0.1855 0.2665 0.2830 0.5495 0.0732 0.1677 0.2409 0.2671 0.5080 
0.4802 0.9441 0,0810 0.1855 0.2665 0.2830 0.5495 0.0732 0.1677 0.2409 0.2671 0.5080 
56.0000 0.4998 0.9576 0.0510 0.2820 0.3330 0.3600 0.6930 0.0461 0.2549 0.3010 0.3398 0.6408 
57.0000 0,4907 0.9762 0,0600 0.2040 0.2640 0.3560 0.6200 0,0542 0.1844 0.2386 0,3360 0.5747 
44.0000 0.4961 0.9531 0.0160 0.2690 0.2850 0.4300 0.7150 0.0145 0.2432 0.2576 0.4059 0.6635 
0.4955 0.9623 0.0423 0.2517 0.2940 0,3820 0.6760 0.0383 0.2275 0.2658 0.3606 0.6264 
0.4955 0.9623 0.0423 0.2517 0.2940 0.3820 0.6760 0.0383 0.2275 0.2658 0.3606 0.6264 
53.0000 0.4734 0.9192 0.0300 0.1780 0.2080 0.1890 0.3970 0.0271 0.1609 0.1880 0.1784 0.3664 
59.0000 0.4798 0.9445 0.0080 0.2720 0.2800 0.3730 0.6530 0,0072 0.2459 0.2531 0.3521 0.6052 
0.4766 0.9319 0.0190 0.2250 0.2440 0.2810 0.5250 0.0128 0.2034 0.2206 0.2652 0.4858 
0.4766 0.9319 0.0190 0.2250 0.2440 0.2810 0.5250 0.0128 0.2034 0.2206 0.2652 0.4858 
43.0000 0,4816 0.9403 0.0060 0.2830 0.2890 0.3940 0.6830 0.0054 0.2558 0,2612 0.3719 0.6332 
55.0000 0.4880 0.9441 0.0130 0.1460 0.1590 0.1990 0.3580 0.0118 0.1320 0.1437 0.1878 0.3316 
58,0000 0.4880 0.9501 0.0140 0.0640 0.0780 0,0390 0.1170 0.0127 0.0579 0.0705 0.0368 0.1073 
0.4858 0.9448 0.0110 0.1643 0.1753 0.2107 0.3860 0.0128 0.1486 0.1585 0.1989 0.3574 
0.4858 0.9448 0.0110 0.1643 0.1753 0.2107 0.3860 0.0128 0.1486 0.1585 0.1989 0.3574 
16.0000 0.4489 0.8682 0.0000 0.4610 0.4610 0.4820 0.9430 0,0000 0.4167 0.3961 0.4371 0.8332 
8.0000 0.4447 0,8615 0.0000 0.4590 0.4590 0.4770 0.9360 0.0000 0.4149 0.3944 0.4326 0.8269 
18.0000 0.4481 0.8633 0,0000 0.4550 0.4550 0.4780 0,9330 0,0000 0.4113 0.3909 0.4335 0.8244 
7.0000 0.4464 0.8599 0.0000 0.4620 0.4620 0.4800 0.9420 0.0000 0.4176 0.3969 0.4353 0.8322 
11.0000 0.4489 0.8674 0.0000 0.4580 0.4580 0.4830 0.9410 0.0000 0.4140 0.3935 0.4380 0.8315 
0.4474 0.8640 0.0000 0.4590 0.4590 0.4800 0.9390 0,0000 0.4149 0.3944 0.4353 0.8296 
0.4474 0.8640 0.0000 0.4590 0.4590 0.4800 0.9390 0.0000 0.4149 0.3944 0.4353 0.8296 
0.4474 0.8640 0.0000 0.4590 0.4590 0.4800 0.9390 0.0000 0.4149 0.3944 0.4353 0.8296 
19.0000 0.4481 0.8681 0.0070 0.3960 0.4030 0.3910 0.7940 0.0063 0.3580 0,3462 0.3546 0.7008 
6,0000 0.4489 0.8666 0.0150 0,3800 0.3950 0.3870 0,7820 0.0136 0.3435 0.3394 0.3509 0.6903 
17.0000 0.4506 0.8675 0.0100 0.4070 0.4170 0.3990 0.8160 0.0090 0.3679 0.3583 0,3618 0.7201 
0.4492 0.8674 0.0106 0.3943 0.4050 0.3923 0.7973 0.0096 0.3565 0.3480 0.3558 0.7037 
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15.0000 0.4506 0.8666 0.0130 0.3740 0.3870 0.3930 0.7800 0.0118 0.3381 0.3325 0.3564 0.6889 
20.0000 0.4421 0.8549 0.0080 0.4030 0.4110 0.3900 0.8010 0.0072 0.3643 0.3531 0.3537 0.7068 
0.4464 0.8608 0.0106 0.3885 0.3990 0.3915 0.7905 0.0095 0.3512 0.3428 0.3550 0.6978 
0.4464 0.8608 0.0106 0.3885 0.3990 0.3915 0.7905 0.0095 0.3512 0.3428 0.3550 0.6978 
4.0000 0.4506 0.8723 0.0120 0.4210 0.4330 0.4100 0.8430 0.0108 0.3806 0.3720 0.3718 0.7438 
13.0000 0.4438 0.8622 0.0080 0.4040 0.4120 0.3950 0.8070 0.0072 0.3652 0.3540 0.3582 0.7122 
1.0000 0.4412 0.8613 0.0100 0.4050 0.4150 0.3920 0.8070 0.0090 0.3661 0.3566 0.3555 0.7120 
0.4452 0.8653 0.0100 0.4100 0.4200 0.3990 0.8190 0.0101 0.3706 0.3609 0.3618 0.7227 
0.4452 0.8653 0.0100 0.4100 0.4200 0.3990 0.8190 0.0101 0.3706 0.3609 0.3618 0.7227 
5.0000 0.4464 0.8632 0.0110 0.4270 0.4380 0.4010 0.8390 0.0099 0.3860 0.3763 0.3636 0.7400 
10.0000 0.4472 0.8632 0.0150 0.4160 0.4310 0.3770 0.8080 0.0136 0.3761 0.3703 0.3419 0.7122 
0.4468 0.8632 0.0130 0.4215 0.4345 0.3890 0.8235 0.0101 0.3810 0.3733 0.3528 0.7261 
2.0000 0.4506 0.8699 0.0110 0.3930 0.4040 0.3930 0.7970 0.0099 0.3553 0.3471 0.3564 0.7035 
3.0000 0.4541 0.8717 0.0150 0.3950 0.4100 0.4050 0.8150 0.0136 0.3571 0.3523 0.3673 0.7195 
12.0000 0.4472 0.8640 0.0100 0.3960 0.4060 0.3950 0.8010 0.0090 0.3580 0.3488 0.3582 0.7070 
0.4506 0.8685 0.0120 0.3947 0.4067 0.3977 0.8043 0.0108 0.3568 0.3494 0.3606 0.7100 
14.0000 0.4387 0.8587 0.0230 0.3860 0.4090 0.3800 0.7890 0.0208 0.3489 0.3514 0.3446 0.6960 
9.0000 0.4532 0.8676 0.0150 0.3730 0.3880 0.3980 0.7860 0.0136 0.3372 0.3334 0.3609 0.6943 
0.4459 0.8632 0.0190 0.3795 0.3985 0.3890 0.7875 0.0172 0.3431 0.3424 0.3528 0.6951 
0.4496 0.8654 0.0170 0.3763 0.3933 0.3935 0.1868 0.0154 0.3401 0.3379 0.3568 0.6947 
27.0000 0.0000 0.4036 0.0000 0.4610 0.4610 0.0000 0.4610 0.0000 0.4167 0.3774 0.0000 0.3774 
39.0000 0.0000 0.3922 0.0000 0.4460 0.4460 0.0000 0.4460 0.0000 0.4032 0.3651 0.0000 0.3651 
0.0000 0.3979 0.0000 0.4536 0.4535 0.0000 0.4535 0.0000 0.4100 0.3712 0.0000 0.3712 
0.0000 0.3979 0.0000 0.4535 0.4535 0.0000 0.4535 0.0000 0.4100 0.3712 0.0000 0.3712 
28.0000 0.0000 0.3839 0.0000 0.4480 0.4480 0.0000 0.4480 0.0000 0.4050 0.3667 0.0000 0.3667 
36.0000 0.0000 0.4067 0.0000 0.4920 0.4920 0.0000 0.4920 0.0000 0.4448 0.4027 0.0000 0.4027 
38.0000 0.0000 0.4006 0.0000 0.4720 0.4720 0.0000 0.4720 0.0000 0.4267 0.3864 0.0000 0.3864 
0.0000 0.3970 0.0000 0.4707 0.4707 0.0000 0.4707 0.0000 0.4255 0.3853 0.0000 0.3853 
29.0000 0.0000 0.4036 0.0040 0.3530 0.3570 0.0000 0.3570 0.0036 0.3191 0.2922 0.0000 0.2922 
30.0000 0.0000 0.3983 0.0190 0.2230 0.2420 0.0000 0.2420 0.0172 0.2016 0.1981 0.0000 0.1981 
26.0000 0.0000 0.3892 0.0110 0.2640 0.2750 0.0000 0.2750 0.0099 0.2386 0.2251 0.0000 0.2251 
0.0000 0.3970 0.0113 0.2800 0.2913 0.0000 0.2913 0.0085 0.2531 0.2385 0.0000 0.2385 
0.0000 0.3970 0.0113 0.2800 0.2913 0.0000 0.2913 0.0085 0.2531 0.2385 0.0000 0.2385 
24.0000 0.0000 0.3930 0.0040 0.3500 0.3540 0.0000 0.3540 0.0036 0.3164 0.2898 0.0000 0.2898 
37.0000 0.0000 0.3915 0.0090 0.3420 0.3510 0.0000 0.3510 0.0081 0.3092 0.2873 0.0000 0.2873 
0.0000 0.3922 0.0065 0.3460 0.3525 0.0000 0.3525 0.0085 0.3128 0.2885 0.0000 0.2885 
31.0000 0.0000 0.3907 0.0430 0.1190 0.1620 0.0000 0.1620 0.0389 0.1076 0.1326 0.0000 0.1326 
40.0000 0.0000 0.4006 0.0580 0.1220 0.1800 0.0000 0.1800 0.0524 0.1103 0.1473 0.0000 0.1473 
0.0000 0.3957 0.0505 0.1205 0.1710 0.0000 0.1710 0.0457 0.1089 0.1400 0.0000 0.1400 
0.0000 0.3957 0.0505 0.1205 0.1710 0.0000 0.1710 0.0457 0.1089 0.1400 0.0000 0.1400 
33.0000 0.0000 0.3930 0.0860 0.0910 0.1770 0.0000 0.1770 0.0777 0.0823 0.1449 0.0000 0.1449 
34.0000 0.0000 0.3877 0.0120 0.2940 0.3060 0.0000 0.3060 0.0108 0.2658 0.2505 0.0000 0.2505 
35.0000 0.0000 0.3976 0.0330 0.1700 0.2030 0.0000 0.2030 0.0298 0.1537 0.1662 0.0000 0.1662 
0.0000 0.3927 0.0437 0.1850 0.2287 0.0000 0.2287 0.0395 0.1672 0.1872 0.0000 0. 1872 
0.0000 0.3927 0.0437 0. 1850 0.2287 0.0000 0.2287 0.0395 0.1672 0.1872 0.0000 0. 1872 
32.0000 0.0000 0.3983 0.0260 0.1610 0.1870 0.0000 0.1870 0.0235 0.1455 0.1531 0.0000 0.1531 
22.0000 0.0000 0.3884 0.0110 0.1150 0.1260 0.0000 0.1260 0.0099 0.1040 0.1031 0.0000 0.1031 
23.0000 0.0000 0.3892 0.0130 0.2780 0.2910 0.0000 0.2910 0.0118 0.2513 0.2382 0.0000 0.2382 
0.00C-0 0.3920 0.0167 0.1847 0.2013 0.0000 0.2013 0.0151 0.1669 0.1648 0.0000 0.1648 
0.0000 0.3920 0.0167 0.1847 0.2013 0.0000 0.2013 0.0151 0.1669 0.1648 0.0000 0.1648 
21.0000 0.0000 0.3945 0.0120 0.0540 0.0660 0.0000 0.0660 0.0108 0.0488 0.0540 0.0000 0.0540 
25.0000 0.0000 0.3877 0.0950 0.0060 0.1010 0.0000 0.1010 0.0859 0.0054 0.0827 0.0000 0.0827 
0.0000 0.3911 0.05-15 0.0300 0.0835 0.0000 0.0835 0.0484 0.0271 0.0683 0.0000 0.0683 
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Dead Fine Root Litterbags for Maples, Wheat, Com: I 
Stuffed on 03 June 1999: Mesh size 160 micrometer Poly-ethylene 
Maples inserted on 10 June 1999: Size classes; Fine 0.1 to 1.0 mm, Coarse 1.1 to 2.0 mm 
Fine Root Coarse Root Total Root 
%Weiaht %Weight %Weight 
Remainina Remaining Remainina 
!(Based from (Based from (Based from Fragment Fragment Fine Fine Coarse Coarse Total Total Total 
AFDW) AFDW) AFDW) %N %C %N ¾C %N %C N C C:N 
Baa# (g N/100 g roots) (g N/100 g roots) 
41.0000 101.0754 93.3085 96.9798 
48.0000 90.0279 102.3929 96.4851 
52.0000 93.8245 100.2936 97.1945 i 
94.9759 98.6650 96.8865 0.0000 0.0000 0.0104 0.4541 0.0099 0.4573 1.0137 45.5789 44.9634 
92.9428 100.4505 96.8553 0.0000 0.0000 0.0108 0.4495 0.0107 0.4537 1.0757 45.1767 41.9959 
49.0000 78.5786 117.5662 98.5110 
60.0000 90.7538 98.8236 94.9803 
84.6662 108.1949 96.7456 0.0000 0.0000 0.0090 0.4593 0.0109 0.4671 1.0087 46.3821 45.9811 
42.0000 67.0545 90.6718 78.7763 
46.0000 83.5962 77.4325 80.4078 
50.0000 75.5975 83.4870 79.7118 
75.4161 83.8638 79.6320 0.0133 0.4447 0.0124 0.4461 0.0118 0.4650 1.2077 45.6249 37.7787 
75.4161 83.8638 79.6320 0.0135 0.4448 0.0126 0.4478 0.0121 0.4633 1.2375 45.6133 36.8591 
47.0000 78.8405 83.4119 81.2532 
54.0000 71 .3813 82.1182 , 76.9235 
75.1109 82.7650 790884 0.0151 0.4359 0.0131 0.4653 0.0127 0.4607 1.2927 46.2559 35.7829 
45.0000 52.7047 61.0259 56.8928 
51.0000 51.1323 50.2782 50.6933 
51.9185 55.6521 53.7930 0.0171 0.3881 0.0154 0.4229 0.0169 0.4309 1.6394 42.2113 25.7483 
51.9185 55.6521 53.7930 0.0171 0.3881 0.0152 0.4293 0.0167 0.4367 1.6299 42.7265 26.2139 
56.0000 65.7473 67.9957 66.9207 
57.0000 49.1560 68.4853 58.8720 
44.0000 56.3766 81.8120 69.6166 
57.0933 72.7643 65.1364 0.0170 0.4274 0.0159 0.4463 0.0151 0.4747 1.5512 46.1476 29.7493 
57.0933 72.7643 65.1364 0.0170 0.4359 0.0159 0.4463 0.0151 0.4747 1.5516 46.1993 29.7760 
53.0000 42.1816 37.6847 39.8655 
59.0000 54.4609 73.3865 64.0741 
48.3213 55.5356 51.9698 0.0183 0.4108 0.0174 0.4507 0.0160 0.4608 1.6525 45.1103 27.2988 
48.32 13 55.5356 51.9698 0.0183 0.4053 0.0182 0.4452 0.0160 0.4608 1.6831 44.8662 26.6561 
43.0000 56.9525 77.2257 67.3357 
55.0000 31.5118 38.4964 35.1218 
58.0000 15.2563 7.5445 11.2958 
34.5735 41.0889 37.9178 0.0185 0.4215 0.0169 0.4589 0.0153 0.4592 1.6188 46.1461 28.5068 
34.5735 41.0889 37.9178 0.0185 0.4215 0.0169 0.4589 0.0149 0.4540 1.5948 45.8541 28.7519 
16.0000 94.4744 97.3636 95.9684 
8.0000 94.6125 97.2801 95.9894 
18.0000 94.1536 96.7398 95.4960 
7.0000 95.9763 97.5168 96.7759 
11.0000 94.0411 97.5656 95.8653 
94.6516 97.2932 96.0190 0.0000 0.0000 0.0128 0.4840 0.0098 0.4843 1.1534 49.6115 43.0125 
94.6516 97.2932 96.0190 0.0000 0.0000 0.0128 0.4833 0.0097 0.4864 1.1502 49.6891 43.2016 
94.6516 97.2932 96.0190 0.0000 0.0000 0.0122 0.4859 0.0102 0.4867 1.1435 49.8373 43.5839 
19.0000 82.4291 79.1324 80.7276 
6.0000 81 .2625 78.1737 79.6623 
17.0000 85.9551 80.2918 83.0131 
83.2156 79.1993 81.1343 0.0173 0.4484 0.0137 0.4710 0.0098 0.4815 1.2 104 48.8160 40.3306 
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15.0000 79.9265 79.0844 79.4886 
20.0000 85.5489 79.9987 82.6786 
82.7377 79.5415 81.0836 0.0176 0.4434 0.0138 0.4699 0.0093 0.4892 1.1922 49.1397 41.2163 
82.7377 79.5415 81.0836 0.0183 0.4523 0.0134 0.4764 0.0086 0.4891 1.1359 49.4740 43.5..'i41 
4.0000 88.2253 82.5053 85.2704 
13.0000 84.5960 80.7121 82.5969 
1.0000 84.8836 80.5648 82.6711 
85.9016 81.2607 83.5128 0.0161 0.4400 0.0126 0.4775 0.0095 0.4995 1.1433 50.1139 43.8310 
85.9016 81.2607 83.5128 0.0161 0.4400 0.0126 0.4775 0.0095 0.4995 1.1433 50.1139 43.8310 
5.0000 90.2838 81.4672 85.7246 
10.0000 89.0138 76.4449 82.5021 ' 89.6488 78.9560 84.1134 0.0165 0.4386 0.0093 0.4859 0.0128 0.4822 1.1335 49.5394 43.7052 
2.0000 82.7932 79.0844 80.8719 
3.0000 84.3485 80.8852 82.5445 
12.0000 83.6877 80.0948 81.8280 
83.6098 80.0215 81.7481 0.0164 0.4290 0.0129 0.4679 0.0095 0.4918 1.1577 49.1454 42.4496 
14.0000 83.6563 78.5552 81 .0505 0.0133 
9.0000 80.4460 79.6372 80.0235 0.0168 
82.0512 79.0962 80.5370 0.0150 0.4636 0.0100 0.4735 0.0179 0.3089 1.4393 40.1891 27.9230 
81.2486 79.3667 80.2803 0.0159 0.4290 0.0137 0.4470 0.0096 0 .4914 1.2008 48.0709 40.0320 
27.0000 93.4919 #DIV/0! 93.4919 
39.0000 93.0741 #DIV/0! 93.0741 
93.2830 #DIV/0! 93.2830 0.0000 0.0000 0.0103 0.4263 0.0000 0.0000 1.1333 47.0761 41.5391 
93.2830 #D1Vi0! 93.2830 0.0000 0.0000 0.0104 0.4222 0.0000 0.0000 1.1477 46.6213 40.6202 
I 
I 
28.0000 95.5239 #DIV/QI 95.5239 
36.0000 99.0341 #DIV/0! 99.0341 
38.0000 96.4479 #DIV/0! 96.4479 
97.0020 #DIViO! 97.0020 0.0000 0.0000 0.0103 0.4102 0.0000 0.0000 1.1333 45.3002 39.9733 
29.0000 72.4004 #DIV/0! 72.4004 
30.0000 49.7325 #DIV/0! 49.7325 
26.0000 57.8362 #DIV/0! 57.8362 
59.9897 #DIV/Qi 59.9897 0.0150 0.3829 0.0130 0.4061 0.0000 0.0000 1.4300 44.4677 31.0964 
59.9897 #DIViO' 59.9897 0.0148 0.3748 0.0128 0.4072 0.0000 0.0000 1.4122 44.5524 31.5486 
24.0000 73.7323 #DIV/0! 73.7323 
37.0000 73.3908 #DIV/0! 73.3908 
73.5616 #DIV/QI 73.5616 0.0145 0.3603 0.0136 0 .4231 0.0000 0.0000 1.5135 46.9266 31.0063 
' 
31.0000 33.9385 #DIV/0! 33.9385 
40.0000 36.7810 #DIV/0! 36.7810 
35.3597 #DIV/0! 35.3597 0.0141 0.3293 0.0166 0.4455 0.0000 0.0000 1.7509 45.4109 25.9363 
35.3597 #DIV/01 35.3597 0.0141 0.3293 0.0135 0.3653 0.0000 0 .0000 1.5052 39.1718 26.0242 
I 
33.0000 36.8662 #DIV/0! 36.8662 
34.0000 64.6078 #DIV/0! 64.6078 
35.0000 41.7974 #DIV/0! 41.7974 
47.7571 #D!V/0! 47.7571 0.0138 0.3477 0.0133 0.3886 0.0000 0.0000 1.4805 42.0514 28.4037 
47.7571 #DIV/QI 47.7571 0.0138 0.3574 0.0133 0.3886 0.0000 0.0000 1.4806 42.2545 28.5384 
32.0000 38.4297 #DIV/0! 38.4297 
22.0000 26.5513 #DIV/0! 26.5513 
23.0000 61.2012 #DIV/0! 61.2012 
42.0607 #DIV/QI 42.0607 0.0164 0.3821 0.0144 0 .4059 0.0000 0.0000 1.6095 44.6031 27.7130 
42.0607 #DIV/0! 42.0607 0.0165 0.3907 0.0145 0.4036 0.0000 0.0000 1.6216 44.4706 27.4230 
21 .0000 1 13.6938 #DIV/0! 13.6938 
25.00001 21.3248 #DIV/0! 21.3248 
I 17.5093 #DIViOI 17.5093 0.0176 0.3453 0.0156 0 .4064 0.0000 0.0000 1.8633 40.5546 21.7646 
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